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Robotics 1 
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ff,rr«frluj[ij(fiLLjliLi6u (Robotics) 6T6OTn)6i|i_(B6sr pii m 6 OTa<s 60 OT 6 otfrl 6 u Sff,n:6OTjj6iigj 

LD6rfflff)6OT 0U6OT. ©UJlS(d 6OTL_LJJ , 6rUL[lij 6Umj6TO ULff)^l6U 61ir5£F> C3P0 LDpgULD 
R2D2, ajrreb-E, (j^lerfilarrp^leOT erri^gm LDppjii) (Sgrrertil u 6 orffluGlu 60 OT 

(SurT6OTp ^l60)[JLJUI_[ij(S6fil6U 6Dpff> <Sfbu6C)6OT: ^(6n>60)LD<956Tr @[££5 CTp^ltJ !_D6?frl^)6rfTl6OT 
<g=.6urr<g=^l6?y?iLi 6U6rrij^gj 6 UIli_6ot:. 

ff,6Sl[j6iiLb LD^frlff) ©loaigjesrfjleOTjSl ^rresmaSaj @u_i[£j(g)Lb (automatic) CTp^lijtijaeTr 

LU(T6Dn)60)pLLiLX) £F>rr6tfrluj[£j<£l 6T6OTpjff)(T6OT Q^nm^SpriLD. ^aamjeoOT^^leOTrra) 

Robotics gj 60 )p 6 WLUff) ff)i_61j_^l6u &rp^lg«frliLi6u 6T6 ot/t)j Q<9=n:6U6ii(o£F) LBlau 
©un^s^Lorra 





UD6tfrl£F> 2(^611 6T[5(^l[J6frT 

Sff>60)6iiLun:6m: ^lifftAjaerr @60)6ii. (g,j_p6Gl6OT [gl60)6U60)iu<s (S60 oti_jSIili 
260 OTfjla 6 rr(sensors), q«,lp^G16ot: [§l 60 ) 6 U 60 )iu LD[rp^j6Dff)pan:6m: @iU(S<£l(S6rr 
(actuators) Lop/pii ^fi,Lp6ua6frl6OT [§ 60 ) 6 U 60 )lu s 60 OTiJl(S 6 frl 6 OT ^_p6ULD ffiSlseo^iLursu 
©uppj @Lua(£l(S6ffl6OT Qsuj6U(Lp60)p<956a)6rr<95 aL_©uu©^£pLb <95L_(SluurTL_(5l ^|60 )ldui_i 

(controller). 

©(pufllgULD Si_Dn)(S60OTi_ S6rr6rr 6T6U6urra) ^ii6^iu[BJ<£ls60)6rriLiii> srp^om 

CT6OTpy ©ffrreueGldjlL (LpiyLurrgj. CT^^gjaarrLLrra U6U p>rr6tfrliunij(£l up.a6rr 

(Escalators) Lunpmjgy ^(pc£l6u 6 iip£F>rr 6 U£ 5 n: 6 OT 6 £>i_S 3 gjj 6 ii[£j(g)Lb. 6 jjSlLU 6 uija 6 fr 

Lurr6ii(pLi) @p[ij(®6ijlLi_n:6u [§6OTpij6ijl(5lLb. @6iip|p<s<sn:6OT: ^60OT(jl(S6rr 2605r(Sl. 
2.60orQ : l<g56ffl6Glci5^^j <£l60)i_p)£F)6i[i_6OT aL^uunL© ^|60 )ldui_i 6iIl6Wcg=s56?y?6rr^, 

gJ6U(S(S6IlLb (§£lJ£)£56I|Lb QfflU<£lpgjJ. p60)l_(pp6tf>piLjl6U, @p£F> 6U60)<S 8 L K&)Q5[\k&>65)6[[ 

L5l6OT6OT6gg)i sL©uun:L_(Sl ctp^1[jld (Mechatronic device) 6T6snp ldl_(51(Bld Sr^peumi). 

<S4,6otit6u @6up6op 6ip^l[j6OT 6T6OTpj <3r2_p (Lpiyiungj. 6jQ6OT6tfrl6u @6iippy<S(g)S3 

ff»6OT«frluj(S(S(LpLb (autonomy) S 360 )i_(S 60 ) 6 rr£F <g=i_Drr6frl<g5(g,Lb 6 iiL^l(S 60 ) 6 rr(S & 60 OTi_j§lii_iLb 
^Ipguii) (resourcefulness) <® 60 )i_iungj. 



^Lourr (Roomba) (Surr6OTp giraiSl^^l ^ri6tfrliLi[£j(£l<956rr, LDrrrb/rutf) 

^p6mtt6ffls5(^c95(gjij), (Lp^lSiurrija^a^LD ^6i\io ^rr^frliutij^ ffaag pn:pan:^ul(S6rr, 
PR2 Lop^jib Care-O-Bot (Sun^n) u6u(d6u^j ®jl_(S\ (o 6 U 60 ) 6 U(S 60 ) 6 rr£F ©ffiuiLiLb 
^65lu_irr6mj ^rredflujrHj^lsE.err 6ii6otfrl<95 f^lLuua 6ii^gj 6 UIli_6ot. ui-6iil6ijr<fl (Da-Vinci) 
Lopguii) g&u6rb (Zeus) (Eun:6OTp iSla <P| 60 OT 60 )lds 3 Glff>n:L^l6ugjL_uLb Glan: 60 OTi_ 
Q^rreoeuSprraig) ^|/ru60)6ii <^l^ls=6G^<g= CTp^g6OT<S(6n>Lb 6U60^a if^liurraa 
<fl60)i_(S(fi6OTp6OT. #l6u ©^m^paroroeuaeffleu @g6i[uu«xfrl(S@ &rp^l[j[ij(S60)6n: 

6£>i_6SIl_(S1 6 iil 6 rr(S 60 )(S <P| 60 ) 60 OTff)gj 6 ijlL_(S\ Gls : 6OTgu6i]l(S\(fipn:ij(g56Tr (lights- 

out manufacturing), Q^rri^leua ^6OT«fflu_ii_Dn:<s<s6l)l6u <P|6ri6i( 

&Tp^l[j6OT(S6rr i_iLp<S(Sff)^l6u 6upgj6iilL_i_6m: CT6OTpj Q^ftp£pQattOTOT6un:Lb. 

puii) ClLD6(jr©un:([56rr (H_p6ULD CTeftl^rr&S) £F)[j6i|a60)6rr a^eurraigi^lSpmi), 
^IgUuqcfiSprrLb, a^LDuppii ©SHUcfiSpnLb. @Sff,(Eun:6u ff>rr6tfrliLi[£j(£l<956rr ^_p6ULD 
-PlSesraLorra 6T6U6urru ©uii0L<s6a)6mLiii) CTeffi^rra 206urr<s«956iiii), ^|guuu6i(Lb, 
^LDfrppLD QffLULUeilLb @UJ6U(S<9T^lyUJ pflOT Q6U(g) Qff>tt60)6Ud]l6U @6U60)6U. @6OT(Sp 
ff,rr«ffluj[ij(fi(g56rr agnLa^fileu ^n^uQurr^Lsewerr QajLiy &T(Jt(S(fi6(jrp6OT, 

afffffru ©urr0LS56ffl^(np3§j urratijaeoerr 2(^6ii[i<S(g<£l6OTJD6OT LDfbnjjLD 
urratijaeffl^l^pgj (j_p(L|D apus^u ©un\rF,L<s6TO6rr ©£5rr(g,«s«£l6OTp6OT. 

□ □□□□□□□□ □□□□□ (Robotic arms) 



6 nB<^l[J6frr 65)(9E> 

Qff)[TL^l6U gJ60)pLul6U ULU6OTU©^^UU(JlLb U6U ff>[Tafrluj[£j<£l(956rr (Lp(LJD ^LU^^llJ 

LD6rfilff)*[ja6rr Surra) @ 6 U 60 ) 6 uQiu 6 OTpn:g^Lb j§l6DfbrSla) U6U 60 )<sa 6 rr Surra) 

S 6 U 60 )a) QffiUcfieOTJDarr. Sma^ii) @6iirbjSla) ©rurB^rjs &60or<956rr Surr6orp seoorfjlaerr 
26 Bor( 5 l- rBuii aeooreoorrra) urrijs^gy ansrurra) Qffiuiua^iyuj S6D60)a)<sa5)6rr @6DpjDrra) 
Glu^LburrpLb Qffiuiu (Lp^ii. CBtrii Qffiuius <95iy6orLDrr6or SiDgyii) rBLDLorra) Q^lljuj 
(L piyLurrff, <fla) S 6 U 60 ) 6 U(S 60 ) 6 rr(S <9 t2_i_ ©eupjDrra) Qshuuj (Lpiyu_|Lb. CTfJl^gjaariLLrra ibld 
6or<S(S60)6n: 6fili_ l51<b ^l^laLDrra U(6rr, §ji<s<s (Lpi^mii. ibld 60)&<sa5)6rr 6di_ 

Seuarurra tB<sije)£5 (Lpi^inii. cblx> LDaxfrlaaL© ldp^jld (LpLpr£j60)<s ^(n ? Lbua<9T2_iyiu 
SarT 600 T£) 60 )£F) 6 ijli_ ^l^laiDrraff) ^l(j 5 uu 6 iiLb (Lpi^inii. @ 60 ) 6 ii CTa)an 6 Dp 6 opiqLb 6 iili_ 
(LpacfiLULDna ^Lij6iil60)ariu<s<^iyiu @i_r£jcS6frla) ^rrafrlrurijcfiserr 
@ 6 orjSlLU 60 )LDiun:ff,ff,n:(S ^<£1 65lu_6or. 

□ □□□□□□□ □□□□□□□□□□□ (Flying robots) 

6 T^^l[j 60 T(S 6 rr CTuSurrgjSLD rBujgjj, 2 ( 560 or(Sl Glffatueoeu^rreor 6 T 6 orrru r§ 60 ) 6 or^f$j< 9 & 6 rnj 
6T60T60T? <fla) 6 T^^l[j 6 ora 6 rr up^gjii) Qs^a^^iyiueoreii. @ 6 up 6 orjDff) £F>rrS 6 orrrL_iy 
ajrrguro^l (drone) 6 T 6 ornjj Q^m^fiSpnib. Sr 5 rjiyu_irT 6 or aLfJluurr© @a>a)rTLDa> 
i5i_6Diy(S60)(S 6T(Jl<S(g)Lb #iln)6ora)rT6or (LpacfiLULDrra 6 ^ s^rrafrlLurAj^amu 
Q^rreoeua aLfSluurr© Q^iuff) ffrr^eorrDrra j§la)a)rrn>a) 6£>(J5 260or60)LDu_irT6or 
6 rrB£gl[j 6 orn:<s£F Gtffiucfipgjj. 



ff)rrS6OTrrL_i£ 6U[r6piij^l 


26 K* 0 '^ 1 (dLD 6 U ^ 6 TT 6 rr S60OTlJl(S6Tr mjb/riJLb l_16fil^l60)6U ariLly (GPS) ^,(filLI 6 Iip^JI_ 6 (jr 
@60)6om:^gj ©ffLuguu©!!) ©LD6ijrQun:([56n: aLfSluurrL© ^i_p6uii) uuj6roK5f§lu_iiui£ 
ff) 6 OT«frluj(S(SLDn:(£LJ UppgiJ @ 6 Dppn: 6 U @ 6 U(S 60 )(S <^[ 60 )I_UJ (Lpi^lLjli. P<£lJ 6 OT S 6 U<£l 6 OT 
u6U6filff)LDn:6m: ^[LOfftijaefrlg^Lb ^rrSesrrrLp. 6iin:gprij#!l(S6rr uiuguaig, 6iipgj6i]lL_i_6m:, 
i_i60)(£LJui_Lb, Gl^rreoeuaarrL#! Glffiu^laeffl^ul^pgj, ffip|pff^fi,Lp6u <s60OT<srr6otfrlLJL| 
Loppuii) Qff»n: 6 uQun:([ 56 fflLU 6 u 6 U 60 )(j. 

□ □□□□□□□□□ □□□□□□□□□□□ (Diving robots) 

[gl6Uff,^lg^Lb 6urr6OT^,^lgpiLD LDL_(5lLbff,n:©6m:6(jrj5l6U60)6u, [ffjlg)jLb srp^gmaerr U6U 
$6ii60)6U(S60)6rr<EF QffLUcfieOTpem:. ul@ CTn^gmaerr ldl_(J1ld6U6u, 6U6orffla [JtfiliurreOT: 

rffr^Lpip<fi<g56Tr U6U. pdjliuliueu 6iil(^(6T,n:6rfflsE.6TT, Q^neuQuttinjOT ^[jmLiff^liLirrerr’fjaerr, 
@[jrr «P6 uld, L460)<g5uui_(£55[njij556rr LDppjii) 55i_6uiy ^[jtfujff^iLMemjaerr rgrr^LpL^^l 
CTp^lg6OT(S60)6n: U6U (o6D60)6U(S(6TF,(S(g)LJ ULU6OTU(Jlff,gJ(fipn:ij556rr. 



@ 60)611 <^|(Lp<S(g5LDn:«frl(S6rr, ^owanijy ldp^jld i_rru6mj S^ueoririj (Doppler Sonar) 
^,(fiiLi 6 iin] 60 )pLj uio 6 oru(Sl 0 f£l, @(t 5 (S@Lb @i_ld ldp^jld cS^Lpii (Eun6orp 
^60)ffiLi6O)LD6i|S6O)6rr£> gjeu^lujLDrra LD^luul(5\(fi6orp6or. ^nSeorrrLiy 
61llT 60)m T<^)l<S(61[Ti<9inSlT55 2>(^61irr£6£6UUI_L_ U6U (E6(^^^rr<S<95n2l<E66IT ^(^<9b£BlylLjl6U l51<E661[LD 
(d 6 u^jul_l_ ^y)[§l60)6uujlg)jLb (o6U60)6u GlffiUcfieorpeor. 

□ □□□□ □□□□□□□□□□□□□ (Acknowledgements) 
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@^Qff>rri_fjl6u <^©£>£5 aL_(5t60)[j: Giff>n:L^l 6 bgj 60 )p) 6rr5£gl(j6or(956rr (Industrial 
Robots) 

(Lp£F>6u 6 i^^l[j 60 ) 6 or 1954 @6u gxrijg> Qi_6D6u (George Devol) 6i6oru6iiij 
Q^rrL^leugjeopaSa S(j56iin:<s<fi60Tnij. Glff»[rL^l6ugj60)p eirB^tjeoraefrleor ^%.uu60)i_<s 
<S(^£)giJ<s6rr 6T6oor6orffli_D aUSluun:© ldp^jld Gt£5tt60)6U(S 6oaiun(65S)6u (remote 
manipulation) ^fiiu 6 iipj§^(^r 5 giJ 2 (^ 6 ijii^iL| 6 rr 6 iT 60 T. Q^nipl 6 u§j 60 )n)S) 
ff>rr«frlLU[ij(fi(S60)6n:Lj ©ungjeuna gp^rrp 6U60)(S<956rrn:<SLj ulftaseurrii). 







Robotics 2. 


(Lp£F>6U CT60OT60rffll_D (SLfJlUUfrfJl LDppULD [§[J6U CT(Lg^l @UJ<S(S<S<9rLp.UJ CTp^l[J60)6OT 1954 
@6u ggrrijgb Qi_6U6u (George Devol) ct6otu6u*[j s^eurra^eOTurr. ©6D6snj6u 
(ELD[rL_i_[rij6rb i^,p6iJ6OTS)§j<S(g, (Lp£F>6u y 4 , 6 rfrUSi_DL_ (Unimate) ei6(jrp ©uiurj QarreoOTL 
&Tp^l[j60)6m: @6uij dltppmj. 1961 <S4 >ld <S^6airp.6u ©tQmfjlaarrdjla) [glup 

Qg*rj6rt3lujl6pOT6n 6£>(p ^t,60)6ULul6u ©{(Ef® 6iinijLJL| U(UD < 95<95 < 95 

aniLiff^liLi 2.(S6urr<35 urratijaeoen: ©{(pla.® 60)6ua(S @p£5 CTp^gm 

[glpj6uuuL_i_gj . @>([5 6ip^lrr6OT 60 )(S (Robotic Arm). a6orffl«ffliun:6u 

aLfJluufJt^^LJULL @£F>p(g) ©i_6DrT6u ©upp (Lpff»6u s5n:Ljpft60)LDS3n:6OT: p<£U6sr 
6ip^lrr6rfrluj6u ©ff,n:L^lpgj60)p(S@ ©{p-p^errLDrra ©(^a.fipgjj. 








U4,«frKBi_DL_ &rrB^l[j6OT 


□□□□□□□□□□□□□□ 

ff)P<sn:6Uff)^l6u CTiB^gmaefr U6U gj60)pa6ffl6u uiu6oruiTL_(5l.95(g, 6u^gj6filL_i_6m:. 

• Qff)[TL^l 6 ugj 60 )p CT^^l[j6OTa6rr (Industrial Robots) 

• (£<9=60)^ 6i^^lg6OT(S6rr (Professional Service Robots) 

• <9t2_l_(51(d6ii60)6u 6ir5d)lrr60T(956rr (Collaborative Robots or Cobots) 

• LD(j 5 ff)gj 6 ii 6irBd)lrr6or<956rr (Medical robots) 

• aL_(SlLDa6OT: 6rr5d)l[j6(jT(956rr (Construction robots) 

• (o 6 ii 6 Tra 60 OT &T^^lg6OT(S6rr (Agricultural robots) 

• @[jn 6 Q 01 I 6 U 6T^^lrr6ora6rr (Military Robots) 

Qff)UL^l6UgJ60)n) 6Tn5^[J60T(956frl60r <A[lyLJU60)L(S <95(ff,S)|pj<956fr 6T600T60rfflU) (SL_(SlLJUa(Sl 

Lopguii) Qff>u60)6U(95 60)(95iou(6rr,£F>6u (remote manipulation) ^SiueupjSl^^pip 

2.d56Urr<^lLL46TT6TT6OT. 

□ □□□□□□ □□□□□□□□□ 

6Tp^l(j6ora6rr 6u^6u^)n)@ (Lp6or6orij ©iJjL£l(g)j££5 U(g>£fil<s6frl6u 

Q^aeoeua 60 )aLua( 6 rr,ff) 6 u (remote manipulation) 6i6orp Qff)aL^l6ugjL_u(SLD 

u[j6U6urr<95u uiu6orum!_iy6u Qff,a60)6U(95 60)(95u_in:(6i5£F)6u 6T6orugj §fT[jff)^lg^6rr6rr 

u60^rl60)Lu QffiuiULD ffu^6oru)ir@Lb. LD6tfrl£F> Qff,aL^l6ua6rrij(956rr 6T6frl^l6u ^|6U6ugj 
uagjaauuaa ^l6Q0)ia (Lpiyu_irr£F> ££R,Lp<£l6u uio6Au©^^uuL6un:Lb. 6T©s3gj<95<95rTLi_n:.95 
(S^1^110(99<95u Glua^Laeoerra 60)(95iou(656u^p(g>, (A|a)6ugj #l6u ^i^(95Lpu@rfil(9560)6rr£F 
ffaijpff, LDppjLD 6fjl60OTGt6U6ffl (S6U60)6U(95(^(95(g). ff)n](95a6U 6Tp^l[J60T(956frl6U LD6tfil£5 QuUjfjl 
{g)lO<95.95(tf,.95(g,LJ U^l6UU(95 6T600T60rfrlLD (95L_(5lLJUaL_60)LLJ UlU60TU(5lff,gJ(®(£pmi). <S^>.95(S61I 
ff)P(95a6U Qff,aL^l6UgJ60)p 6Tp^lrr60T(956rr LD«frlff)(95 60)(95 LDp^JLD Qff,U60)6U(95 
60)(95lOU(^£F)6pi_60r 6Dly61J6iilujd)l6U #l6U ^>ppj60)LD(9560)6rr(95 Q(95U60OT©6rr6rr60r. 


□□□□□□□□□□□□□□□□□ 


Gtan)6tfn§l (Sucrij© (Henry Ford) (assembly line) 

apUff,^l(Lp60)p60)LU 2(^61Jn;<S^60rmj. @gjj 6£>(n, GlUU06ffl6OT 6^>(o[J LDrr6glfjl60)lU 

Q^mJjrBgjj 2<n^6ijrr<K@6iig)n)(g, #1pjjg) (Lp60)n] Akg>LD- AA 6 ^^ 13 6£><n? 

LDrr£glfjl60)lU LDfipiSl LDpQpfKff, LDttiglfjl ^LLIllij QffLULU (o6U60OT(JlQLD6OTpn:6U [§60)piU 
^|60)LDLJI_ia60)6n LDfipp QLDeOTaQaL (o61l600r(5lLb, (ErB[J(LpLD 6T(5la(g)Lb. 

@s<srrrr 60 OTS 3 £ 5 [T 6 b “Model T” #(^>(56065 a^uLi [glp^^la) ldl_(J1(Eld ^lurrfflgjgj 

6filji)U60)6or Offiu^rrij. “s[Aj<S(6n><S(g) 6rrB£F> ^Ipii (E6U60OT(JlLDn:6m:n:g^Lb <S60)i_c95(g)Lb, 

Ai>6srn:6u <s^ljl| [glpuna (S 6 ii 60 or©Lb!” 6 T 6 OTJD ^ 6 D(tf, 60 )i_iu (SarrLurrfJl 

l 51<35614LD ul[JU6ULDn:6OTgJ. 

r 16U6UI QffjfrL^lpffrreoeuaerr #IjSIlu ^| 6 ri 6 ijl 6 u u 6 u(S 6 Dgu 6D60)<siun:60T 

Glun([5L_(S60)6rr Q^lulu (E6U60OT(Jlii). rf^oorL <stt6ug)£§lrb(g) 6gSg ^iLimJluuleor 

6gSg LDrr£glfjl 60 )uj(£uj ^iglaLDrreor 6 T 600 T 6 otfrl(S 60 )<siijl 6 u gjiumj Qffiugj uuj 6 rfrl 6 U 60 ) 6 u. 
£F,LurrfjlLJL| LDrr£glfjl<956rr Lopguib aibus^gl arreu <^[L_i_6ii60)60or<s6frl6u 6jpu(JlLb 

LDnpjDtija^aig) 6jpu ^| 60 )lduu 16 u Q^(fii^ 6 i[g)£ 56 or 60 )LD (o£ 560 ) 6 D. 

£5rb<srr6Uff> ©£5nif)l6bgj6a)n) 6i^^l[j6OT(S6rr cglrreurreu aLCAluuCAl^ffiLJuCAl^eOTpeOT. 
[gl[J6U(S6W6rTlLlLb, (offlSlaSLJULL £f)[J61|<S60)6mL{m LD(ipj5llLI60)LDLJUff)6OT ^Lp6ULD @60)61) 
u 6 u(o 6 ii 2 U ©auj^uir(Sl« 9560 ) 6 iT. 9 : ©ffiunj (LpiyiLjLb, @gj 6 T 60 or 6 orffli_D (SL©uun:(S\(S 6 frl 6 or 
ULU60rUITl_l^d)l(^[BgJ 2.(^6D(T60r 6j>([5 '3^LD<9"LD(T(g)LD. 

@ 6 iJ 6 iin:^j a 560 ^fl 6 dfl 6i600T6otfflLD aL_(hluun:(hl (CNC) LDp^jii Q^n:60)6U(S 
60 )aiLin:( 6 rr,ff,^)l 6 or (remote manipulation) <^(nyij(® 60 ) 6 oorLJL| 6i^^lrr6rfrliLi6b 6i6orp 6^ 

L^LU Glun:jSlLLjllLI6U gJ60)p60)LU(oUJ S([r,6Un:(S(filLlgJ 

□□□□□□□□□□□□a□□□□□□□□□□□□ 

Qff)rrL^l6ugj60)pff) £5rr6tfrliLirAj(£l(S60)6rrLj Glurrgjeiirra g>r5£5n:iru 6U60)<95(S6n:rT(£Lj 
ul^aseumi: 




indrical 




Oe)[TL^l6u§j6ron) 6rfB^lij6OT 6U6roaa6rr 

• ©saijtg^gj <S4>iu (Lp6wp 6ir5d)l[j60T(S6rr (Cartesian): X, Y Lop^jii) Z <S4><£ 3 

(SrBiJ^Lueu @u_i(S<95r£j(S6rr (H_p6ULD ufrarijaeoerr 60)6US3656U 

(o61l60)6UcS(6n><S(g, SSn^gjj. @6^ JBaLD LD60rfll<95£5L_60)l_ (oLDgJJLD ^(LgLD, S6rr(6rF,Lb 
Q6U6frliLiLb, @i_(Lpii) 6U6U(Lpii) [B<srjff)gj6ii£5rb(g) <3=LDLDa6orgj. @60)611 unTja^msu 

urnjr5gijr<s<£l (gantry crane) (Sun:6orp ©(t^uusyreu @6urb 
6 i^^l[j6or 6T60 t^jld Quiu^eoor©. 

• ^([r,60)6rr 6iily6ii 6i^^l[j6OT<g56TT (Cylindrical): @6npn}j<S(g)Lb ^_p6orgu ^l^aaefrleu 
©ujaaLb s 60 or(Jl. ^l,6om6u @[j 60 or(Sl (8 [b(jIiu6u 6£>6or/ru 6uu_ @u_i<95(SLb. 

• (H_pL_(Jl @60)6001 6i^^l[j6OT 60)a (SCARA- Selective Compliance Articulated 





Robot Arm): 6£>(a, Q£ 5 rr(g,LJul 6 u x, y, z Lop^jii) ffiLpeu ©ilissld Q<sn6oAiy(tf,«95(g,ii). 


• <31, pu Ajffa 6rn56gl[j6or<956rr (6-Axis): 6^ #([F,rbrfil6or ii)gjj @(n3<9S60)<s<s60)6rru 

OufT([5ff,gJ6DgJ (SufT6Ap ©LlijllLI Gt^ ) lT(g,LJL46uQ : l6Wcg= (o6U60)6U(S60)6rr @6Uppn:6U ^)IT6OT 
QSHLWJ (LpiyLLlLD. 

• @ 60 ) 60 OT(£[j CT^^lgeAaerr (Delta): 6£>(n, Qffgjj^gjju UL6a)L_u3l6fil(tf,r5|Jjj (conveyor 

belt) urr<95[£j<s60)6rrLj <A[6urD6opu QuLp<s6frt$6urT <3l6U6ugjj LDpGlprr^ 

QcTOp^gjjLJ UL_60)I_ lS’S^U 60)611^)^61} Sua60Tp ufjlLDrirDp (S6n60)6U<9S(6n><95(g)LJ 
ULU6OTU(5l(®pgJ. 


□□□□□□□□□□□□□□□□□□ 

1. Razor Robotics - UNIMATE PUMA 200 Robot Arm 

2. NPTEL - Industrial robotics - Common Robot Configurations 

@S)Q£F>n:i_(jl6u <AI( 51 s 3 £f> sUjtoij: Qarr^ffLD (EariLun:© Gtarr^ffii) 6D)«S(Lp60)nu 
uiulp#l 

Q6I)gULD S<SfTLU[T(Sla60)6n: LDLfJlLD Uly£>£>II6U <g=6GlLJI_4^, £F>L_(Jlli) LDppjLD l_l5l6UgJLD 

<gsiy6orLD. <31,a$6Li 60)<S(Lp6onu uiLjlfb#l60)iu @60 )i_lu160)i_(Euj Gta=iLi(S6ijmi). 

@£F)iT)<95n:60T 6n6orGlua([r,6rr<gs6frl6u Gt^m_aa^^l(S6uSiJj Q<g=6U60)6ii 6i]li_m_D6u 

UlLjlp#l(S(g) (o6Hpj 6T60T60T 6UL^1 6T60r/T)J UmjLjSurrLD. 





Robotics 3. 


□□□□□□□□□□□□□□□□□□ 

(SattLUtt(5l(956fr ^56umn]JD60)6u. ^^<smtt6srrr6u ^Uplii), LifjlrBgj Q<35n:6rr6DgjLb 

aiy6OTLb. 60)<g5uuiLjln]#lLijl6u 6Sl60)6rriun:L_[_n:cScS «sppaQ<s[T6Wr6urni>. <S4>6orn:6u Gtajnjjii 
6OT(SLJULljlp#l LDL_(J1(ElD GlffLU^rreb JBULD (LpiL)p#lLJUgJ (o6U60)6U QfflU^rrg^JLD 6J60T (o61I60)6U 
Qffiuffigj 6T6onp O^ffliuugj. 6jff,n:6Dgj ul[j£F(fl60)6or 6D^gj Glarr^ffii) LDrrpjD 
(o6D60OT(5lQLD6OTn)n:6U 6T60)£5 LDfipJJ6UgJ, 6J60T CT6OTJJLD qiJllUfTgJ. 6T60T(o61I GtcSrr^ffLD 
6OT<SLJULUlp#l(S(6TF,l_6(jr QarT^ffLD ^%.LJU60)l_<5>60)6rr(S 556U^gJ Ulyff>£5rr6U CT6ffl^>n:aE.LJ 
q^llULD LDpjJLD <9^Ului_l5> £F>L_l_[rgjj. 

□□□□, □□□□□□□□□, □□□□ 

&T^^l[j«frluj6l3l6u a(j 5 ff)^iLi 6 u (paradigm) ct6otu§j <g>(n, ct^^I[J6ot CT6ii6U[rgu 

&T6iiruff)n](Sn:6OT: 6£>([5 ld6ot Lorrrfilfjl (mental model) <S^(g)Lb. 2 . 6 oorrj, 

^Il_I_l 61(J1, QfflLJ 6T60rp ^_p6OTgU ^[lyLJU60)l_ (o6U60)6U(560)6rr 6TrB£F> 6Ufjl60)(5lljl6U 
Q(5lLJ(®(Spn:Lb 6T60rU60)£5 60)6U5)gjj 611565 6T^^l[J6rfrluJ6U (5([55,^llLI60)6U [BflLD 
ul6orupgy(fi(Spn:Lb 6T6onru Q5msu6U6un:Lb. 

#l6U*g 611565 (o 6D60)6U60)IUIL[LX) [§5,n:60rLDn:(5 Sujn:(560)60r U600T60rffl ^Il_I_lB1l_(5\(5 Q5LU6U*[J. 

@ 60)65 (Lp6or(Sujn:<560)6or (deliberative) (Lp6op 6T6orp (g^peumi). uiy6ufjl60)(5 
(hierarchical) ^[6U6U6p (Lp6or(ou_irr<560)6or ld6ot LDrr6|ilfjl60)iu @6ii6ururu eSleuiJlaaeumi). 
6 ip^l(j6or 5,60T6^rli_(Lp6rr6rr s60orfjlcS6n:n:6u ffipn}j6F(g,Lp60)6u (Lp6F,6fil6u ^60onjc£lp6F>j. 
@6up60)pu Glurrpj5,gj <^{(516565 [5l_61llycS60)cS60)lU65 ^lL_l_LBl(5l(fipgJ. ul60T60rij 
Q(5iu6uu(5t(fipgj. @6iJ6un:pLJ 6^>6ijGt6urr(j5 <5L_i_5,^l^jLb Q6ii6frlLJU60)i_iun:(S <^{(516565 
pL6Uly(560)(S60)lLlff> ^1l_I_lB1l_I_ ul60T60r(Eg Q<5UJ6UU(5t(fipgJ . 

Loppuii) #l6uSgn: 61 ( 5165 ( 06560 : (S6i]lyD65(o656o: 6T6or^j Glc5iLi6iirj. @ 60)65 6T^lrj6iil60)6or 

(reactive) (Lp 60 )p 6T6orp <9^p6un:Lb. s6ooriJl(56frl6u ffippjcg 1 (g,Lp 60 ) 6 uu upiSl 6i6or6or 
Q^ijliu 611 ( 565 ( 065 :: ^ 65 ( 3(65 6T^lij6ijl60)6orujn:(5 si_ 6 or Gl5LU6uu(5lff)6b. @r 5£5 ld 6 o: 

LD[:6£lfjllljl6U ^lL_l_L61(5lff)6U 6T60Tp Up. [§60)6U (fleOLUJttgjj. 

(Lp6or(Sujn:<560)6or (5p60JT)(oUj ^pi 5 £ 5 £ 5 n:cS 65 (o 65 n: 6 orpLb. u6U(5,Lb @ 60 ) 6 f>(ouj ui^lpgjeog 
G1(5lli6ii*[j. 6 T 6 tfrl 60 ULb 6 D 60 oriy 6£>pcS ©(Srreooriy^aigiLb (Eurrgj (gi^jaSa ^liffGl[j6or 656 OL 


6Df5£F)n:6u (Bu_in:5=60)6OT: Qffiugj &k ) \j&)6®{F) 6)U60sny5S5s LD[TL_(Si_n:Lb. 2i_6ori£iun:a£> 
^l(ff,ui_l(o6iin:Lb <^|6U6ugj tgljjff>^l60)Lu ©i(U)^5}j(o6nmi). <S4>55(o6ii Qa,Lp60)6uu ©uLurud^ 
LBLD5S(£F) @[J60OT(Sl (Lp60^JD<gE>(6rF)(Sl_D (o^60)6UUUL6Unib. 

©LDLDrrrfilfjl (Lp6OT(oLurr5=60)6OT: LDpgULD CT^lij6ijl60)6m: @[j60OT60)i_LLiLb a6u^gj 

©5=lu6uu(J16ij60)535s <s6uui_| (hybrid) ld6ot Lorr^lijl 6T6srrru <9r^p6unib. @(553 (Lp 60 )pLul 6 u 

6^)61jGl6Urr(^5 U60rffl60)LUlL[Lb CT6i)6Un:gLJ (Lp60)pLLjl6U |^6OT60OTUU60^556UU55U 

ulfjkbgjjs Qan:6rr6Dgj ct6ot^jld 6£>6ij©6ijn:(n ? gj60)60OTLJU6orffi60)iLiiLiLb CT6iJ6un:gu Qffiugj 
(LpiyUUgJ CT6OTgULD CT^^1(J6OT (Lp^^la) ^Il_1_l61l_(J1(S Gl<g51T6TT(6T5,Lb. ©LBffjLJ Uly[§l60)6U60XU 

(£mpQatt60OTi_ u6orfT\60)Luff) ^1 l_ll61i_6u (mission planning) ct6otjj ^peurrib. 
©LDLDrr^l^ (Lp^)^ul6u ^LLL£lL©55©55rr60OT(Sl (06U6O6U Qff»m_[ij(fiiLi u16OT6ottj 
&T^lij6Sl60)6m: ld6ot LDrrrfilfjl (Sun6u(E6u ©5=iu6uu(JlLb. 

□ □□□□□□ □□□ □□□□□□□,□□□□□□□□□□□ 

6£>(n, 6iih^> 1[J6ot 6U6OTGlurr^560)6rr ©I 536 OT urratijaeffldjl^^gj [§[£j55(o6rr , [glrr6u 

&T(Lg^l, u6U6iil^) ©5=u_i6uun:(5l5S60)6rr ©5=Lug}j urrijaa (Lpiyr5£F>rr6u ^|gj(o6ii @60)60OTLupp 
uiulrbcfl ^,(g)LD. ^aamjeoOT^^rreb eueOTGlurr^^a^u Glu(t5LD6rr6ii ©5=60611 
Gis=Lu^)n:eu^,rr6OT @^©^aiJ^[^Lud)60)£F>5s 55pnjj5s©5sn:6rr6rr (Lpiyu_|Lb (Eutt6Gl(^(S<£lp(o£F) 
6T6OTLTU ULULJUI_(o6D60OTI_n:Lb. ©5=6U6hl6OT:jSlLL|Lb, ©5=6U61( (£F)60)JD61in:5S61[Lb 
<gE>rDgueE»GisE»rr6TT(6r5,Lb U6U 6DL^l(Lp60)JDa60)6rr @a<SL(5\60)[js3 ©53m_(jl6u 5su60OT6unib. 

ULLjlp#l (Lp60)p<S6OT6rr ©5=61)611 LDPSJU3 ©LD6OT55©®© 5 tl(J 1 61j(jl60)5=LLjl6U ^(oLp 
5su60OT6unib: 

1. @60)60 otlu un:6U60)6m:ujn:5E 1 (fi556ffl6u (Online simulators) @6U6U5=LDrT55u uLulp#l 

6T(Jlff,gJ5S ©55rT6rr6rr (LplyLB^Lra) ©5=6U61[LD @6U60)6U, ©LD6OT55©55(JlLb (g)60)n)61|. 
(ELDg^JLD ©ff)[rL5S5Sff,^l6U ^(JlLDfin)JDff)60)ff,U4LD @60)p&5S6Unib. 

2. #iln)r5£F> ^Lp6u urr6U60)6OT:ujn:5S(S5S60)6rr (Open source simulators) U£gl6aln)5s<£l, 

[glglJ6i]l ULUlp#l ©5=lLJ61)^l6U ©5=6U61[ @61)60)61). ^,6OTa6b [gl^J6Sl @LU5S55 ©5Sa(g,5=LD 
©LD60T5S©5SI_ (o6U600r(SlLb. @53fD(g)5S 60)5SLbl_Dapa5S @60)600TLU5)d)l6U @6061X15) U60 
ULLjin]#l5S60)6mLlLb ©5= LULU (J_piyLL[U). 

3. stij556rr 2^^160 6irBd)lrr6or uLulp^l c£lmu6iJ6m:Lb @(rr>r5£5n:6b ^6iiij5S(6n)6C)i_Lu 

6D6OT©UU(J560)6rrU ULU6OTU©d)d)l 60)55UULUip#l 6T(5\ff)gJ55 ©5Sa6rT6rr6Umi). ULUln)#l5S 
5SL_I_600T5= ©5=6U61( 2600L(Jl. ^t,6OTU6U ©LD6OT55©55(Jl (£F,60)n)61|. 6TL55) 6U6OT©UU([560)6n: 
6nn:[£j<£l6orn:60 2[£j556rr ^ULLS^aigjLb, 

©5=6U61lff>^lL_Lff,gJ5S(g)Lb L6l5S61[Lb ©UU(J5^^LDU6OT£F>n:5S @(0)55(5310 6T60Tp 
©5)6^6110:55 (Lpiy61| ©5=LULU 61IL^1 6U@55(5)Lb. 

4. gl^j^liuaa 6U6OT©ua([r,6fr ©5)LT(g)LJLi5560)6rr (hardware kit) 6urn£jc£l5) ©^( 5353531 , 


[§[j6u 6T(Lg^la 60)<S(Lp60)piLin:(S jg)iu<s@6iJ|^£5n;6OT s6OT6ot:s3lj uiulp#lLun:(g)Lb. 

□ □□□□□□□ □□□□□□□□□□ □□□□□□□□□□□□□□□ (Viewpoint 
Control) 

CTrEffinm ^ljn6OT6rr6iilL6b (Robot Benchmark) ct6otjti JalrEffi J 8 ) 60 ) 6 ootlu aserres^leb n^rrup 

QLD6OTGlU[T([56Tr 6JgJLD [gl JJ6UfTLD6U UlLjljtyfl Glup6U[rLD. @rb£F> @60)60OTLU £F>6rTff>rfil6U 
un6D606OTiutt<s<®60iuu uLU6OTu(5lff)^l U6U uiuln)#l(S60)6n: S(j56iin:(S(fiLLi6Tr6n:6OT:ij. @r5£F> 
@60)60 otuj ff,6rrff,^l6u @>([5 a60OT(g5@ ^eurra^tijaerr. @^l6u QsjrrL&s [§60)6U (Lp^a) 

uiulp^l urrijeoeua S<g5n:60OTff,60)ff,(S aL©uu(1^T>£F>6u (Viewpoint Control). ©jssju 
uilj1p#Ilu16u (Start) ©uns3£F>rr60)6OT: sOTgjeoLpiLitijaerr. @gj6U60)rr 

LDpn) UlU6TOJ(956fr 6T(JtS}£5 LD^lu©U60OTUly anLLLJULly^a^LD. 

©r5£F> ^lp 6 OT 6 rr 6 Sli_ 60 ) 6 u c£lrj6u 6i(Lg^l aL_(JlLJu(5tff,gj[ij(g56rr &rajrn) (Start 
programming this benchmark) ©un^[r60)6OT ^j(yr<s<£l uiulp#l60)iij^ 
Q^riLtijigitijaerr. 60)£F>L6l(£ujrT 2 (Thymio II) ct6otjd ct^^I[J 60 ) 6 ot un:6iJ60)6OTiLin:<S(£liLjl6u 
an:60OT6un:Lb. 



Ovz'vtaww 


*L 


Metrics Instr-ctons 


This bei:nmark v/ill tea:h you how to rrove the 
3D vlewoolnt j3ino :ne mouse. 


The tea entl* pd Motrlns mpA=,nre3 /rx r prnrjrpss 
in sri exercise where you I ave to place Hie 
viewpo nt at a speoifi; position a id orientation. It 
also allows vou to -eccrd your perfoor aoee ir the 
rr.hr>thfwtm«rk dntf.hftso (It yon «rs lofj jwl- n) 


Tho tr.n ontr nd Instruct non explain; you how to 
use tlie nuube Ic wnli jt tl e ziuwpu nL 


LHT[J606D£6 


Sa[rffiX5ra)ffi5)a3<s aL_@uu©3)S36u 


uiulp#! 6T6ii6urr/ru GlsTLKajgjj &T6OTp 65l6ii[j[£j(S6rr 3 £>ff)£F>6u<956ffl6u (tabs) 




QarrfJlaauuLiy^'SigiLb. 

• (oLDSanLLLD (Overview): aL_iy 60 )Luu uiu6OTu(Jlff,^l (LpuufjiLDrreoors 

5560OT$600rn:Li_^60)5353 (B5360)6uiun:60T (B55rr60orff>g2j55(g) CTuuiy 
Qs5n:60OT(5l6ii([56iigj @rB£5u uLulp^lLula) [ftijaerr apgua Q55n:6Wfrj556rr. 

• ^|6rr6i( [§60)6U556rr (Metrics): 6 ^ (g>jfjluijlL_i_ LDp/pii) 

(Bp[T55(g)[§l6G)6Ulfil6U Lirnj60)6U60)lU 60)6115555 (o6U600ri£lU ULUlp#lLul6U @155) 53£>£56U 
snijaefr (Lp6OTS6OT^)J5^)6ro^a an:60OTijl(g5(g)Lb. 6irbd)l[j6or £gln)6or6rr6ljli_6u 
^[j6Hff>ff>6nff)£§6u atij(S6Tr ©5=iLi^^p60)60TiLiLb u£§l6i( Q^iliilild. @1553 

(^(oLp «^^0frta55UULi£(p,«S(g,ii) (BLDpLinu ucrij60)6ULul6u (top view) 

^6rr6rruiy (Lpp.rB536ii60)[j QrB^aaLDrrau Glup unrj60)6U55 (£55tt60or5360)£5 
P3<sij^£561lli). UI_ff)^l6U S6TT6rr60)ff) 61 j1l S6uO^) 1T0 S([F,6U 6Slc£l£F>5360)53LJ (<^{556U 
siurr 6Sl<®ff,LD) uiu6OTu(5lff)^6OT:n:6u, [fnij556rr 5=(jlu_in:6or unrj60)6U55 (B55rr60or5360)53U 
QupmnLiMjaerr 6T6oru60)£F, [§60)60T6iil6u Q55n:6rr(6n>[£j556rr. 6T60T(B6ii 6£><n, p6U6u 
6Sl60)6rr60)6ULJ Qup S£F,61|Lb 61l60)55lLjl6U 2.[AjaE.6TT 5=rr6mj53££l60r ^|6TT60)6II LDttpp 
(S6560OTiyii!3(n ? a556un:ii). (Sld(S6u arrLLuufJlLb [§6on)6i[ ld ^[£j556rr umj60)6U55 

(ScgE.(T60OT^)^l6OT [§60)6U @61)55(5) Lirnj60)61l55 (£55tt600r£)d)l60r [§60)61)55(53 61611611611611 
QrB^aaLorra ©(njcScfipgj 6T6oru605355 (gjSlscfipgp p6i)6u ld^1uG1u60ot 
6D^ff,6i[i_6OT u^leiiQffLu (Record) 6T6orn) Glun:5)£F>n:60)60T ^|(U)53£§ <^{60)53 lj u£gl6i[ 

QfflUUJ (LpiyLLlLD. 

• ^,60)605ra6rr (Instructions): 5560OT(o600in:L_i_5)60)5)55 55L©uu(Sl535) 5 tL_p.60)iu 
6T61J6Un:gLI UlU6OTU(Slff)gJ6DgJ 6T60rU60)53 @r5£F> 5)5)5361) S[£j 55(611)55(53 
6fil6na(g)<£lmffl. 

• aLppgLj: @i_gij &un:£)5)n:60)60T55 Q55ri60or(5l 6£>([i) 3D Gturr^effleu Q5=rr(5l55<£l, 

<SL_iy60)Lu @(i^55556i[Lb. ^uGlun:(n360)6rr£F ap/Sl 5560or(B60orn:L_[_Lb SrLpgyii). 

• [Baijffjgj: 6U6u<3jj Glurr535)n:60)6or 55rrL_#liul6u Gl5=rr(5\55c£l 5 tL_p.60)iu @(p)55556i|Lb. 

• Ouijl^rraig): 3D 55rrL_#liijl6u Gt5=rr(5\55<£l 5iL_p.iL)l6or 5=5555ij5)60)53 s<n)L_i_6i[Lb. 

ffiLiyLuleijr 5=5555[j5)60)53 (Lp6or(o6orn:55<£l <^|6U6ugj ul6or(B60Tn:55<£l 5rL_p.60)Lu 

@(U)uu536or ^_p6U(LpLD Qui§£)n:55556i[Lb, <flj§5)n:55556i|Lb @uj<pLb. 

• smu: 3D ariL^lLuleb 5rL_iyiLjl6or 5=5555ij5)60)53 ^d(Lj)5)d)l @i_gj <^|6U6ugj 6ii6ugj 

U5555LD 5rL_ly60)UJ @(^555561[LD. ^)(S(J (S[BPff,^l6U @!_g)j LDpgULD 656UgJ 5iL_ly 
©urrff>5)n:60r5560)6n: <^|(U)5)giJ61lg)j 5rL_lylljl60r 5=55551J5360)53 <^|(Lgff,gJ6Dff,p(g 
5=LDLD[r6orff,n:(g)ii). 


□□□□□□□□□□□□□□□□□□ 

1. RobotBenchmark- Online Robot Programming 



ai_(5l60)(j: ^5=60)611^ ^n:6tfrliu[£j<£l(S6rr (Professional 

Service Robots) 

1979 <S4>ld ^6Mriy6u ^Qmfjla&rrdjleu ^i_p6OT^j 60 )ld 6 u t§6i\ (Three Mile Island) 
^6qs)il516ot [§60)6ulu djlu^^. adglfrliLissu Glurr^Laeoerra eoaLunerraa^iyiu £Ijdui_| 
6T^^lij6OT 2.(j56urrsEM95Lb. Uff>[ri_ij^gj Q^rri^leuffrnj gjjUL|[j6i( CTr^umaerr, 

u[rij60)6DLuli_6u CT^^l[j6OTa6rr, a6rr CTij^gmaerr, 6iimy(S60)aiLi[r6rrij $5=60)611 
CT^^l[j6OTa6rr, ffrraig) 60 )aiLin:( 6 irF,Lb 6 n 5 ^[j 6 ora 6 rr, $ 6 ii 6 rrrr 60 or 6TrB^[j6orcS6rr, aL_(5lLDn:6or 
CT^^l[j6OTa6rr @6or6or ljIjd. 



Robotics 4. 


□ □□□□□ □□□□ □□□□ (Three Mile Island) 

1979 <S4>ld <^60OTiy6u ^QLDfjlaarreiileu (y)6&rnu 60)LD6U ^6i\ <^|«pl616ot [§60)6uius3££l6u 
6filuff)gj srfilfjlius® Glurr^Laerr djlu_6ST. (Sld6u ^6rrff>60)£F)U 

ucrij60)6ULijli_ (Lpiy^^gj. U6U urrgjarruq (LpeijrSeOTpufrfJIaerr OffLugjQaneoOTfJl 
GWjlLjLD (E6U60)6U6OTLUff) Q£F>m_[£ja . ^,6OT[T6U <^^^6rr^^d)l(j5rB£F) 

[§6U6U60)p60)lLILJ UmjcSS @lU6U6fil6U60)6U. ^4,S5.(o6U Ljl[J<g=^l60^6OT:LLjl6OT uftmtt60OTS360)£F> 
^|6rr6i]li_<gE 1 <gT2_i_ @LU6U6S16U60)6U. 








S[JtT6Il’[J 6T^^l[J6gUl_6OT 6filL_Sl_<5>®’[J 


ulL_6ruuij(®6u ^6ru6n arrij6OT<£l Qld6U6U6ot u 6 ua 60 ) 6 uaai_paa)£R 6 u CT^^l[j6rfflLU6u 
(Surjrr^lfflLuij 6R6u^uliuLb d]lL_(8i_aaij ^60)6U60)LDiul6urr6OT: LDtt60OT6iiija6rr (a^djlesnj 
a^lijliuaaLJ GluiT(gL_a60)6rra 60 )<SLun: 6 n(S<gT 2 _iyiLi 6 £(tf> £lnui_| 60)6 ot ^aina^m 

( 0611 60)61360)lu &> ©0m_[£j.£l6OTij. @6iiij(S6rr <SU,/ru Lorradi) a©60)LDiurra 260)yM£gjj (S[jrr6urr 
6T60TJD ©UlLlfftU- ^Hjy ffffiftg CT^^l[J60)6OT 2.(T56U(TSE.<£l6OTrj. @d£l6U 6£>(n, arT©60OT[T6frl 
ULaain^R, <^|a>rban:6OT: l516ot 6R6rra(a)a6rr ldp^jld L6l6<jrarnj Lopguii) a>a6U6u Oa>n:i_*[jLi 
aiiiR 6 Di_[ija 60 ) 6 n a^LiyiLjLb iRffla>§jLD 6Ri_aa>_iyiu arr£>65nija6rr 
Qurr^^aijuLiy^^a)^. Q6OT6 toj U6U a^6Ra60)6rrii_|Lb an:06mraa6O)6mL|Lb (flpuurraa) 
a>iurTfrla,££jLJ ©un^a^eroj. @ 60 )a> ©{ly^dserra^eu ©pacRdjlL© umj6TO6iiuRi_6i(ii), 
(Sarra>6a)6OTa6rr ©aLULU6i[Lb rnp/D U6U u 60 ^a^a(S)Lb U6U <S4>60OT(Jla6rr 
uiLieOTu^^dResrij . 

[Bmi (Lp^60)a)Lu aL_(Sl60)(jLul6u umja^ajj(ouiT6i] &T^^l[j6OTa6rr ©^n:L^rDarT60)6ULul6u 
Lj\p^a)60)6ii. ©(^LJulgULD ©0mj^6upL_u[£ja6fil6b 6R6Mj6iirra 6jpuL_L 



(Lp6OT<S6OT:n]JD[ij(S6n:n:6u Qa>rrijjlrban: 60 ) 6 u ^Lpg^jaig, Q6ii6frlLLjl6u U6U ( 8 a 60 ) 6 ija( 6 irga(a, 
6irbd)lg6ora6rr 6u^gj6filL_i_6OT:. @60)611 ^ggeiigguurreor, @LgiS@r5a>, <3-[d)la (ScBgm 
6T(J\(S(S(S<gT^lyUJ LDpgULD ^l^Lbu^^l^LDUff GlfflUUJ (o6U600TlyLU (o6U60)6Ua60)6ri <^|lUgm_D6U 
Qauj<£l6orn)60T. 

□ □□□□□□□□□□□ □□□□□□ 

• Qaa^euarrij gjui_|g 6 ii 6 irBd)lg 6 ora 6 rr (Industrial Cleaning Robots): @60)6U 
Qa)[rjJ)lrban:60)6u a)6rn£ja6rr, d)li_[£j(a)a6rr, <Alg[£ja[£ja6rr, <A(g)j6ii6ua[£ja6rr, 
ari60)6ua6rr ^<fiuj6Dp60)p aa>a>LD GlaiLnuu uiu 6 oru(J\<® 6 orp 6 or. 

• urrrj60)6imjli_6u 6 irbd)lg 6 ora 6 rr (Inspection Robots): LD 6 tfrl£F>[jn: 6 u s 6 rr(o 6 rr Qa 6 or^j 
umjaaa aiy 60 TLDrr 60 T <^|6U6ugj <Al«pa arrai^lLumpp u@^la6ffl6u rigijaerr 
urrijaa Co 6 ii 60 or(SlLDn:? <^|uuiyujn: 6 orn: 6 u, 6£>(rg urrij 60 ) 6 DLuli_ 6 u 6 T^^l[j 6 or stAjaiergaigia) 
(Ea) 60 ) 6 D. @Lprriu<956fr Lopguii ma^aerr, agni(g)LprriLia6rr, 6 iiiygj 60 ) 6 rr 
@LprriLia6rr, mg 6)j(gla6frl6or <g?y) S6rr6rr @ 60 )i_Gl 6 U 6 frla 6 rr ^,(fiuj 6 iin) 60 )p 
urrg 60 ) 6 imjlL_(Sl ^,iu 6 i( QaiLiuj @ 60 ) 6 ii uiu 6 oru(Sl(fi 6 orJD 6 or. 

• aga(g) 60)SE.LurT(6TT)Lb 6 rrb£§lg 6 ora 6 rr (Logistics Robots): c£li_[£j(a)a 6 rr mpjjm 
u60on_a arr60)6ua6frl6u aga(a)a60)6rra 60)aiun:6n:6iiLb, <Al(gla<£l 60)6uaa6i[Lb, 
6T(gta>gjja Qarr(5laa6i|Lb @60)6ii (Lpa(£liuLDn:aLj uiu6Au©<£l6orn)6or. @6ujr)60)pa> 
a,rr«frluj[ij(g) 6u;J)lan:L_i_LJUL_i_ 6 U 60 oriya 6 rr (Automated Guided Vehicles - 
AGV) 6T6orpm GtarT6u<£lpn:ga6rr. @ 60 ) 6 ii a^gujlgyerorr (£arr(gla6rr ^|6U6ugj 
aLbula60)6rru uleAQaaLggii). (EgiySiuu <Al60)6ua6rr, arrija^aerr ^|6U6ugj 
#Ogu 6 frla 60 ) 6 mLiLb 6U^Qa6^a>a>g^a@u uLU6Au@^^6unib. i_| 60 )auu[_a 
a(n, 6 ijla 60 ) 6 rr 60 ) 6 iia)gj umj 60 ) 6 ii (y)6um ©aeugjjm 6T^^lg6ora(6TF)Lb 6ii^gj 6S1l_i_60t. 

• 6 umya 60 )aiun: 6 rnj (Sa 60 ) 6 ii 6 U 5 d)lg 6 ora 6 rr: ©ug 5 muu 6 uu 6 or 6 iirnya 60 )aiun: 6 mj (£a 60 ) 6 ii 
6T^^lg6ora6rr ©uugg60)6rra a60OT©uliyuud)l6u ^|6U6ugj u6orfrl60)iLi [§60)p6i| 
Qaiu6iid)l6u 6uuiya60)aiLiu6mja(^a(a, sa>6iJLj uiu6oru(gla ) a)LJu(S\<£l6orp6or. 
#l6U6U6op 6ii6otfrlaa>d)l6u @60)6ii <flpuL| mpjjm u6u©uugg6rr ^nLamyaefrlgym, 
6hl([g^(Ba)ULbu6u gj60)pLulg^jLb sa)6i|<£l6orn)60T. 

• a> 6 n 6 T^^lg 6 ora 6 rr (Field Robots): @60)6ii agr£ja[£ja 6 rr, arr(gla 6 ri:, 
6 i)UJ 6 uGl 6 ii 6 frla 6 rr (Euu 6 orn) ag(g\(Lpgi_rr 6 or u@^la 6 frl 6 u (o 6 U 60 ) 6 u Qaiuiu 6 U 6 U 6 U 60 ) 6 ii. 

• (S 6 U 6 rrrr 60 or 6T^^lg6ora6rr (Agriculture Robots): $ 6 iJ 6 n:n: 60 or 60 )LDiLjl 6 u Glurrgjeurra 
^lgU6i)60)L, arriu uLpii) Sua6orp6i)p60)pu ujfjla>a>6u, a60)6rra6rr aujluurgjl 
^<fiiu6urbn}ja(a) 6irbd)lg6ora6rr uiLi6Au@^^uu©c®6Ap6or. 

• aL(Jlmu 6 or 6 TrB 6 §lg 6 ora 6 rr (Construction Robots): ©uugj 6 iiua @^a> 
6T^^lg6ora6rr ^luuujagmu6or mpgum 6iigg^^l ^ 60 )j_pa(a)Lb u 6 otfrla 60 ) 6 rra 


(LpscfiLULDrra @60)6U a^sHja^a^Q} (S6ii60)6u<95(g)Lj 
uiu6OTu(Slff)ff)LJu(S\(fi6(jrp6OT:. S60)I_S)S)6U, CUbit njjaaeb, gj60)6rr (Sua(Sl£F)6b, 
<^6n(6n>£F>6U ^(filLI Co61l60)6U<S(65<S(£F)S) (o£560)6UlUn:6OT: 60)<S(Lp60)6OT <g=IT^)6OTrHJ<356TT 

Ourr^^^uuLiy^a^ii). @60)6ii urrija^rreu 6 uri 6 frl (excavator) 

Suadjl^a^ii), ^t,6m:a6b 6£>L_(Sl6OTij @(n,<s60)<95 ©(n^asrrgjj. 

□ □□□□□ □□□□□□□ 

CT^^lij 6 rfrl 6 OT S60snj6i|a6ftl6u ld 1 <s 6 I(ld Quagj 6 ua 6 OTgj rBSE>rr6X4 up/Shu s60OT*g6urr(g)Lb. 
^|ff,a 6 iigj &>6ui @uj<S(SS 360 )£f>(S & 60 OT<sa 6 otffla@Lb &T^^l[j«ffl 6 OT £§lp 6 <jr. 

©dsp® ^(5 6T6frlLLj 6uiy6D60)LDui_i gj60)6rriulL_i_ (g/Skurra.® <g=< 9 E>sE.[jrnjcgE. 6 ^ 6 rrLj (encoder 
wheels) uLueOTufJt^gjcfipgj. 6 £>(n, qp^fila) 6 T 6 u.@.iy (LED) 

@>6fflij(fipgj. LDgui_ipff,^l6u @>([5 @>6ffliLi60OT51 (optical source-sensor) 

@> 6 ffl(S(S^l 60 )[JLJ Glugy<fipgj. 



(gilSliLiaacS ffaagtijaerr Lopguii) <^6ffliu60OT(jl(956rr 
ct^^1[J6ot <g>(n, @jS1ulj1li_ girgii) pa^ii) (Eurrgjj, gj60)6rriulLi_ ffaagib ap/peii^rreu 

6^6ffl60)LU LD60)pa(®pgJ. Ctaa^ffLD p<S*rjn5£F>Ljl6OT: 6^>6ffl ^(n^LDUeilLD 

Qff)iJluJ6II([5Lb. (S60rffl«frl ©LDLDrTiglfjl ffffiftg <giLpp#lLLjl6OT <^|lyUU60)l_LLjl6U CT6XJ6U6rT614 
gjigii) CT6OTU60)ffxS a6otfrluu(Sl Q^iuili (LpiyiLjLb. ^(St^gjaaaLLaa ^[£ja6rr 

(gjfjlLurra.® ffLOLorrem: @«5)i_Gl6U6ffliL]l6b 20 ^j6W6rrsE.6rr @(r5r6£F>n:6b 

@>6iiGl6iia([5 gj60)6rr(g5@Lb ffaaijLD 18 urr60)<95(S6rr (360 urr60)<95(S60)6rr 20 ^,6U 

6ii@ff)gj) ffipjSliugj CT6OTU60^)4 (g)jSl<s<£lJDg}j. ^{(jLbgjj djlL_i_£)60)£F) 



60)6Uff)gJ 61611611611611 glTTlJli 1 rB<Srj^ff)gJ 6T60TgJLD a60ora<fii_6unxb. 

©LDLorrrfilfjl (g,J§liun:< 9 Erf>l a< 9 E< 9 E[j(LpLb <^6^146001^141) . 3 -lrfjl cB6fj6ora) ©^mJft6upLULD6b6u. 

^[£j< 9 E( 6 n> 60 )i_iu «s 6 otffl 6 tffl aLiyiula) (mouse scroll wheel) arb/ruii ^|6rr60)6ua 

<9560rfflSE.SE> @60)6U(oUJ UUJ60TU(Sla,a)LJU(5l<fi60rp60r. 

□□□□□□□□□□□□□□□□□□ 

1 . Scientific American 

2 . DroneBot Workshop 

@rf)Qa>n:i_(jl6u <^|(f)ta>£F> aL_(Jt60)[j: 6i^^l[j60)6or cglrjeu 6T(LjDrfil @u_i<9E(g)£56u 

6 i^^l[j 6 or 60)aa@ cglcjeu 6 T(LggjLD 6 U 60 )< 9 E< 9 E 6 rr. < 9 Erbula>a> 6 u uaxsaii) (teach pendant). 
6 i^^l[j 60 ) 6 or 60 )ua»n: 6 or ©LDfiL^liuleu cglcjeu 6T(Lg^l @u_i<gE(g)£F>6b 60 )auuiuln)<fl. 60 )£ 5 L 6 l(£iurr 2 
6 T^rr«ffl 6 or aUjluurr© (Thymio II position control) 




Robotics 5. 


(off>60)6uujn:6OT ©luaanLaefrleor 6ii60)[jiLi60)n)60)iLi (Lp6or6or(S[j Qs5n:(5lff,gj6ijlL_i_n:6u 
CT^^l[J6OT LD6rfflff)ff) ff,60)6ULU(5l @6U6Um_D6U <Al6Ufb60)p«EF QffLUlLI (Jpp.U_|LD. <S4>60ai6U 
pLD<S(g)&) $£F)60)61llUa60r (o6D60)6U QffLUlULDfTgJ ^|60)LDU60)U <Al60)l_lLia6aLb <S600r(Jl LDpgULD 
@jSIuQl_(SI 6uiy6ii60)LDff,gj (Lp6or<9rLL_iy(Buj [§[j6u 6T(LjD£F) (E6ii60OT(5tLb. 6T(Sl^)gjaan:L_i_iTa, 

6 T(Jls 3 g 2 j 60 ) 611^)^60 (pick-and-place) $ 6 ii 60 ) 6 u Q^iuilild 6ip^lg6or 60 )<s(Lp 60 ) 6 or 
<aa£ 560 TLb (end effector) 6 rr&£F,s 3 (Bs^a/bp ^| 60 )LD 6 i]l 6 u (E6D6oor(JtLb 6i6orau paii 

(Lpi^.611 ©fflLlgjj [§[J6U 6T(L|)£5 (o6U600T(5lLb. 

□□□□□□□□ □□□□□□ □□□□□ □□□□□□□ □□□□□□ 

[§l[j6u 6i(Lggjii) 6 U 60 )as( 65 <s(g) 6i(S\ff)gj(S(g5n:L_i_n:(S 6ip^lg6or 60 )(S 60 )lulj (Robotic Arm) 
unijuSuuLD. paii (Lp6or6or(S[j uatja^gjj (Sua6i) ]§lgjj Q^a^eug^piuleu l51se»614ld 
Ug6U6Urr(SLJ UUJ60ru(5tff)^LJU(5\(fipgJ. @£F>p(g) puli U6U [£l60)6U<956frl6U [§l[J6U 6T(Lgff)6Un:Lb. 

• (xpL(pl [§160)6u [glrreunaaLb: 6ip^lrr6or 60 )<slu16u 6£>6i)Q6ua(a, ^LpLfJta^LD ©ujaaii), 
[§60)6U <S^<£Iuj ^liyuueoLS 1 ©OTU^<S(6a,<S(g) t§[j6u 6i(^£F)6uaLb. 

• u6orffl [§l 60 ) 6 u rf^[j6uaa<95Lb: (Lp(Lgu u 6 orfrtcS 60 ) 6 a(Buja <A[6U6ugj gj 60 ) 60 oru 

u 6 otfrl<s 60 ) 6 a(Buja 6£>6orp6orul6or 6£>6orpaa<EF Q^iulus 1 Glaaeueueuaii. 
CTfJtffjgjaarrLLna, #16 uul| 6 U 60 or 60 orLD y,a u 6 udjl 60 ) 600 iu GluL_p. 60 )iuff> 

(gear box) ©s^a®. 

• 6ip^l[j6or [§1 60 ) 6 u tglgeuaaaii): siurr ldl_i_£)#!16u 6ip^lrr«frl6or [§ 60 ) 6 UcS 6 a, (Bpa<95(g) 

[§60)6U(956a LDp/pii, Sff»60)6iiLJUL_i_a6u, ua60)S3cS6rr tglrreuaaaLD. 

□ □□□□□□□□□ □□□□□□□ (Teach pendant) 



<sn)ula)S36u us^aaii 

apijlff,ff, 6 u u^aaii) ct 6 otu§j <95ldljI ^_p6ULDn:<g5(S6un: ^| 6 U 6 ugj amul @ 6 U 6 um_D(o 6 urT 

60)6OT @UJ<S<S61I6U6U 6^SE.<95SE.(J56ijl. X~Y~Z CT^^llJ 6 rffl 6 OT 65)<B60)LU 

6T61J6U6n:61| gifTtJLD [B &$&)&) (E61160OT(Jill) 6 T 6 OTgU [§l[J 6 U 6 T(LggJ 6 UgJ (Sly6OTLD(T6OT ( 06 U 6 O 6 U. 
apijlff,ff,6U U£5<S«Sli) (H_p6ULD JBULD (off,60)6DUJn:6OT: §fT[JLD ^|60)ff)LJ U^l6I( 

QffLuS^fTLb 6 T 6 OTn)fr 6 U ^[60)65 6 T^^llJ 6 OT ^l^LJUlff QfflLJLU 6 U 6 U 6 UgJ. 

6^>6ijGi6urr(^5 ^[.EF^lgjjLb cbuld [BsijffjrfiliLi <956 gotse.<£Il(^1 , cbuld rc^ijs^uj 

U(T60)ff)6OTlDlL|li) Ufrijffigj [§[J6U S60OTI_[T(g5@Lb. ul6OT60rij [BLD(S(gff, <Sff>60)6DUJn:6OT (Eungj 
^[rb£F> [gl[J60)6U 6£>L_ly6OTTr6U ^[60)£F>(Buj ^l^LDUff QffLULLlLb. 

□□□□□□□□ □□□□□□ □□□□□□□□□ □□□□□ □□□□□ 
□□□□□□□□□□□□□□□□□□□□ 

6irB^l[T6OT ffim6OT6rr6ijli_6b (Robot Benchmark) 6T6OTm SrRas j§) 60 ) 60 OTuj 

<gs6rr<9S(£l6u CBUii) Qi_D6OTOun:([56n: 6jgjii [§^j6Dn:LD6u uiulp^l Glupeurrii) 6T6OT (Lpn560)£F)Lu 
aL_(Sl60)giLjl6u umj^o^rrii). <^|6upjSl6u @[j60OTi_rrLb uiulp^l. (Lp£F)6u uiulrb<fl60XLi 
Qmu^uleOT @60)£5£F QsHueugjj [B6OTgu. 

“Robot Programming” 6T6<jrp uiulp^l 6 £>(n 3 6 T^^lrr 60 ) 6 OTff, gjeu^lujLDrraa 

(gjfjtuulLL @l_ff)^lp(g) rBaij^gJLD ULUlp^l. (Lpff>d)l6U 6T^^l[J60)6m:(S (SLfJlUUfJl^gJLb 
[§[j6tjl6u 6T6iJ6un:^j Sff)60)6DLun:6m: LD[rpp[ij(S6rr Qffiugj (EffiSluugj 6T6<jrp 
©55n:6rr(E6iin:Lb. (Eld^jld 6i^^lrr60)6srs3 Q^nLaa @Lff,^l6u Qan:60OT(5l Glff^jrp, rBrni 
LonpiSl ^|60)LDff,ff) [glgmjiy 6£>Liyff> (Sff>60)6DUjn:6OT a^^iuLorras 1 

Q^eOTpeoLcSp^n: 6T6OTgu ucrijuSumi). 
















60)£F>L61(olLin: 2 CT^^llJgULD @6UcS(g)Lb 



awBifiGiurr 2 lijguii @6u<s@ii 

^Lp6i) [§[j6u Glff,n:(g)LJLjl6WLUff) dglpaaeip. SLiyiLjleOT 6D6ugj Quit&)£5ii6 TO6 ot OkyD^gl 

(E^rreOTjjLD uL_iyiu^3l6u “Edit controller” (Barren 0<9=iuiu6i[ii). ct^^1[J6o)6$t<s 
aUSlUU(St^g^Lb (H_p 6 l) [£ 1 [J 6 U Glff)[r(g)LJLjllLjl 6 U ^ln)(S(g)Lb. ©gjj 6£>(5 CT 6 frluj 60 )U£F>n: 6 OT cglcjeu. 
[gl[j60)6U£) ^l(t5ff)^6iiLb: 7 -S^ld 6ii(jliLjlg)j6rr6n: ldit|S1llj16ot (variable) ld^1u60)u 0 
6 i 6 (jru^ld}l([ 55 gj 10 6 T 6 OT 5 J LDiin)p6i|Lb. sr£jc956rr [glrr 60 ) 6 u (offLBlaa Ctrl+S g> 
^(Lg£)£56I|li). 

“Play” Giurrff,ff)n: 60 ) 6 OT OjiLga^esmeu 6 rr 5 #!l[j 6 sr [glrrd)l6u (g)j§luulL_i_ gpijib 6^(Jlii). 
Qffiueu^lpeOT £>£>s^jl6u ^[£j<956rr ld^1uG1u60ot u^l6i( OshuluuUJIld. Oj6uijcS6rr 
Qarrfjlff,^ @Lff,^l6u gjeudllLULDrra c£lgu^)^l6OTrr6u 100 ld^1uG1u60ot <®60)i_(S(5Lb. 
(560)P5^) LD^1uG1u 60OT <£l60)l_ff>£F>rr6U [£l[J6Gl6U LDfippii) OfflUgjJ, (BffLBlffjgJ ^l(5LDU6IlLb 

^Li_6U(iii). “Reset” ©utt^f>n: 60 ) 6 sr 0 |(LjDa 3 ££l 6 OTrr 6 u ^l( 5 Lbu 6 i(Lb u 60 )Lpiu @i_ff)^ld)l( 55 gj 

<2?>(Bu3. 

<g>L_p.u ucrijaigiLbSurrgj (Lp60)6m:ujff)^l6u #l 6 u © 6 ii 6 fitiil( 5 l<s 6 n: 6 IK 5 LD. s[£ja 6 rr c£lrj 6 u 
fffjlujrra ^(j^lp^rr 6 T 6 OT 5 J 56 U 6 U ul6OT6p;L_i_Lb QanfJlaaa^fJlLb. c95(56Ruul60)i_iij16u 

“Console” (o£F>ij6ii ©ffiugj c§5j<s6rr (^ 60 ) 6 otujS) 60 ) 65 S 3 @ 5 ^ ©6ii6fflLu(5l(S60)6rrLj 

umjaa (Lpi^iLiii. 

□□□□□□□□□□□□□□□□□□ 

1. Staubli RX-Paint robotic arm teach pendant - Wikipedia. 

2. RobotBenchmark-Online Robot Programming 

@^0£>n:i_fjl6u <95L_(Sl60)[j: <9 t2_l_(SKd6ii60)6u ct^^1[J6otse>6tt (Collaborative 

Robots or Cobots) 

pii S6U60)6U(S(g)ff, £F>cS<s [gl/peCl O|60)LDff)£F>6u 6T6fflgj. 0£F>rT|J)l6un:6rnj ufrgjarruqaarra 

6 iil 60 cg=Lj ul6OTguiL_i_Lb (force feedback) Loppuii (Slx)it^>6u ^eijlijup (collision 









avoidance) ^c£Ilu 26 rr 6 rrmjiE£> Oa[r6Mr(5l6Tr6rr6m:. 6 fil 606 uiL|Lb 

@60)JD61|. <24><s(d 61I @gu, LDpgULD p(JQs5[TL^l6U t§n}j6D6OT[£j<956n: LD^luU© 

©ffiuiueumi. 



Robotics 6 


(Collaborative 
Robots or Cobots) 

Q^ttL^6ug}j60)n) 6rr5£gl[j6or556rr ©urrgjj65ii55 556onj55 @u_ir5£|=!l[jn5556rr 656O55llj160 
©|l_[£j(g)U60)65. (oLDg^LD @60)61) L61<95£) gjifl^LDITa @LU[£j(g)U60)65. ^55 (d 65 
urrgjarruqaarra Glff>n:L^l6ugj60)p 6Tr5£gl[j6or5560)6rr£F si/bjfjl 55lduI 6560)6i) £f>©ui_| 
(Eurr©6Dgj 6 u \^ 3 d 3 d \ s >. Gl^ ) (TLp. ; nDcg=n:6^6ULLjl6u (o6U60)6u ©5=iLiu65rj556rr 5)fb©5=iu6i)n:55 
6T^^l[J60T(S6ffl60r ^(£>^=>161) ©5=61)60 (Bn5(jlL_l_rr60 55©60)LDUJn:60r 6Cluff)gJ(S6Tr [gl(g5Lp(S<gT2_©Lb 
6T6oruff)n:(D6uSuj @)5£F> (Lp6or©60T£F5=fjl5560)55 6T©(£(g5LJu©(fipgj. 

5=li)U S5rr6U£)£gl6U I_imj60)65 SLUL U6U(E6DgLJ S 600 riJl(S 6 frl 6 U 6jpUL_©6TT6rr ©ff)[T© 6 UgJ 60 )p 
(BLDLDun:©556rr 55rnj60orLDrr55 Ligj 6560)55iun:6or ©ff,rr©6u gj 60 )/D 6:rB6§l[j6or556rr 5=rB60)5355(g) 
6 Dr 5 g 2 j 6 Tr 6 rr 60 r. @65jr)60)JJ) 6I)60)6U 55Lbul55(g)LJ ©60T60rn:6U ff,«ffl60)LDUU©ff)^l 60)6115555 
(o6II600TlylLI ^|6D#IlUl516U60)6U. @60)65 6T60)l_lul6U @(B6U5=rT55 @(5LJUgJ LDL_©LD6U6Um_D6U 
©ff)[T©n]5=n:60)6ULLjl6U (B6560)61) ©5=LUlHLb ©ff)[T©6Un:6n:ij55(6rF)55(g) Sff)65llLin:55 
©|65ij55(6555(g) ^[([Ijc^KBeuSlU U[TgJ55n:LJUn:55 (B6560)61) ©5=LULU 6561)61)60)65. <S4>60rrT6U 
(Lp60r60rff,[T55 @I_[J LD^luU© ©5=LLJ65gJ ^|65#lLULD. 



.KiL_©(S6U6TO60 6T^^llJ6OT 

□ □□ □□□□□□□□□□ □□□□ □□□□□□ □□□□□□□□ □□□□□ 

OurrgjeDrraa <s6orffl«fflLijl6u 6U6OTGlurr(ff,6?r Loppjii) ©m6OT©uii(tf,L«956a)6rr [glpjeSluj ul6or 
©|60 )ldui_i 6iiiy6iin:(S(SLb (configuration) ©«9=iu§j, (Es^rr^rrs <g=fjl ©sHLigp 

ul60r60TtJ £F>tt60r ULU6OTLl(SlS35) (LpiyLLlli). SL60T UlLI6OTU(j^S)<S<9T2_lyllJ 

QLD6OTQurr(ff,6rr Lop/pii) L5l6OT6OT6oo)i6j]luj6u <g=rr^)6OTrHj<g56OT6rr ^[£j(®6U£)£gl6u plug-and- 
play 6T60T|p <9r2_glJ6Iig. 

euLpaaLorraff, ©£ 5 ttjJ)l 6 ug 2 j 60 )p 6 Tp£f)lrr 6 or<s 60 ) 6 rr igl/peSl ^ 60 )ldss #l6u 6urnj[ii<s6rr 

<S4>6orrr6u (E6D606U 6T^^l[j60T(S60)6rr (Lp(Lg60)i_Dujn:(S plug-and- 

play 6T6orp ©c9=n:6U6u (ppiyiLirrgp 6T6tfil60ULb #l6u LD6orffl (Ep[j[£ja6ftl6u igl/peSl ©|60 )ld<9EkS 

©ILIgyii). [gl[J6U 6T(LJ3£F>53 (Sff)60)6IILLjl6U60)6U. 60)<S<S<S60tfrl6tfrl ^_p6ULD ©jeOLDcSa (LpiyLL|Lb. 

^|6U6UgJ <9 t^L_(JI (E 61160) 613 6T^^l[J«ffl60T 60)<S<S60)6n pLOS^S) (Eff»60)6UUJn:60rUly fffjl ©ffLUgJ 
Qs5n:6Tr6rr6un:Lb. (E6U60)6U LDrrj§l6orn:6u £5(g,p£F>up. 6T6fMil6u mn:pi§lii-(Lb 

[£l^)j6ijlcgE.GtcgE.rr6TT6rr6urrLb. 

□□□□□□□□□□□□□□□□□DO□□□□□□□□□□□□□ 

<9t2_l_( 1)1 (E6ii60)6u 6T^^lg60T(g56Tr (E6H606U Q(9 =ilj60<sllj16u Glff>n:L^l6un:6rrij(S(6i5(S@ @60)i_y4,^j 
(ErBOTTLoeu ©|6iip60)p(S (SLbijl6D60)6u ^(Sluuleu 60)6Da<s (E6U60orp.iu 

(Eff)60)6IIUjl6U60)6U. ©|61ippn:6l3 @60)l_U4,pj(S60)6n: S600HJ (LpiyLLlLD. LD«fflff)ij<g56Tr ^|6U6UgJ 
Lopp @60)i_y4,^j(S6ffl6u (ELDrr£F)60)6U£) ^eSlijas (E6ii(S£)60)£5 @60)p^gj(S Qan:6fr6rr6i[Lb 
<^|6U6UgJ ^(pmulu ul60T USaii) ©5=6136061110 (Lpp.ll_|Lb. $61160)613 6Tp^lg60T(S6rr 

Gi^)(TLp. 6 un: 6 rrrj urrgjarruLiaarra eSleoffu ul60T6opL_i_Lb (force feedback) LDppjLD 
(Ei_orr^) 6 u a^eijlijuL) (collision avoidance) <^y>(£lijj 2.6iT6rrrrrr^^) ©|Lbs=[£j(S60)6rr(S 
©55[r60or(Sl6rr6rr6or. (Ei_Drr£F><s <9^p.iu tgl60)6U60)iu (Lp6or60TjSl£F)6b LopnjjLD (Ei_Drr£56i3 ^eSlijuLi 


upjfjl 6iil6ii[jLDn:(S <3-{(blS)£F> aL-(Jt60)[jujl6u an:60OT6un:Lb. 

□ □□□ (force) □□□□□□□ □□□□□□□□□□ (torque) □□□□□□□ 

igl^5@6l]l60)<9=a 65)aa@p(5l (torque wrench) uuj6(jru(5\ff,^lff, (B£560)6im_in:66T ^|6ri6i( 
ldl_(5KSld ^I(j5cg)6ijl6w<g= 60)6Dff,gjff) ^l(t5@6Dgj 2[Bja(65<S(g, ©^fjtj£^(^«s«s6umi>. 
@gj6i(Lb 6^(J5 LDrrrfiKjliurreor ^(n^eiileo^ s60or(jls3n:66T. <S4>66Trr6u gj6U6&LULb (g,60)n)6i(. 
^(n^eCleos 1 fBmi ^|60)LDff>£5 6U[jLbi_ia(g) (Sld6u Qs=66rn)n:6u uliyu60)u 
6iil(5lLb. 

u6u (E6ii60)6U(g56frl6u Giff>n:L^l6ugj6wp CT^^lg6OT<S(6i5(S@ 6fjl6G^JDUL4^)^)6OT6^LD (rigidity) 

(Eff)60)6iiLJu(Sl(®pgj. Q^rr^^^eu (ourreorp (o6U60)6U(S6frl6b (o£F)60)6iiiurr66T 6^^ius360)£F) 
<^|60)l_6Uff)P(g) L51SE.614LD ^|6U#llLILDn:(flpgJ. CT«frlgULb, (g,yD[§60)6Ulljl6U Gd(K, 

CT^lijurrgn:^ LDrrppSLDrr ^|6U6ugj £F)i_[£ja(o6urr 6jpuL_i_n:6u <^j60)£F> 6TrB£gl[j66rn:6b S606nj 
(Lpiyiurrgj ldpjjld ^£5fb(g) 6jpu £F>6or ©luaanLaeoerr LonpiSla Gt<95tt6rr6rr (Lpiyiungj. 
&T^^lrr«frliLi^3l6b 6^^ (Siy66TLDn:66T ilgff<^60)6oriun:(g)ii). 

ffrreorprra, @>([5 6TrB6§lrr6or <9iLp6U£F)606r60)i_ ^(5 gj60)6rra(g)6rr O^trigaffi (B6U60or(5tLb 
6T6orp 60)6Uff,gja Qan:6rr(E6iin:Lb. urratijaerr (EfB[j60)LDUjn:LD6u 6rr56gl[j66r 

65160 )( 9 = 60 )uju uiLi6OTu©£)6§l66rn:6u urratijaerr (Sff^LDrraeurrLb. @$£3 Qs^rr^ueou @>([5 
©uj^^lrra 60)556ijl60)6m:(&5ij Qffiu^rra) 65160)5= -^jiglaLorraS) (B^60)6iJuu(5tLb Surrgj 
6 j(off)[r fffjlujleueoeu 6 T 6 orp L| 5 l^gj©<sn: 60 or( 5 l (EfB[j60)LD60)6ii <g=fjl Q< 9 =iu 6 urnj. ^t, 6 orn: 6 u 
6T^^l[j6or(S(6i5(S(g) ul6orguTL_i_Lb <® 60 )i_ujn:gj. ©arrfjl^ff, n 5 sijs 3 £F> 6 u<s 60 ) 6 rr 

Qarrfjts^ (S6ua£)££l6u c£lrj6Gleu 5t^jS1lu uiy Q < 9=iuiLi<9E 1 <96_iyiiJ60)6ij. <S4>a(B6ii @60)£5 ^60onj 
(LpiyLUflgJ. 



□□□□ □□□□□□□ □□□□□□□□□□ □□□□ □□□□□□□□□□ □□□□□□□□□□ □□□□□□□□ 


□□□□ □□□□□□□ □□□□□□□□□□ □□□□ □□□□□□□□□□ 
□□□□□□□□□□□□□□□□□□ 

©gg s60OT(j60)6D<s Qan:©(S<S(S<9T^iyiu60)6ii LDfbnjjLD ^(gigdlleos 1 

S60OTiJl(S6Tr. g 6U651 < 9 r 2 _L_(t)l ( 06 U 6 O 6 U CTg^[J 6 OT(S 6 frl 6 U @gg 2.60OTl51SE.6rr Qu^LDUrTg^LD 
ui_g#il 6 u <9560OTi_6urrgu ©uii(ggguu©^ 6 OTg 6 ffT. ©g/barrem: (oLDLburr© Glsnug 

Qi_D6OTOurr(ff,L_(S(g5Lb si_ 6 ot 6 U(g<£l 6 m;n) 6 OT:. ffLgugffieb ^(Seurra Cl 6 UL_(hl &<gdl 

(machine tool) purrfijuurr 6 rrr[a 6 ri a@OTan:Lffiujl 6 u @gffiu_irr 6 iil(o 6 u(oUj 

giiuufflaaLJULL gn_L_(h\ (o 6 U 6 g) 6 u 6 rg<£liT 6 Pr Glffiu/hsiiLffl ^ 6 ffla<suuu_gnib . 

□□□□□□□□□□□□□□ 

<S60tfll6tfrlff) gj60)piLjt6U 6JH)UL_(5l6Tr6rr (El_DLbun:(5l<g56Tr <Smj600TLD[T<S ^lp 6 (jr aJttlUgg 
S560rffl6rffl<gE>6fr (g60)ggg 6iil60)6ULljlg^Lb (flj§llU ^| 6 TT 6 ijlg^Lb <®60)l_<S<£l6(jrn)6OT. (oLDgJJLD 
CT^^l[J«frluJ6l3l6U 6 jpUL_l_ (Smii)Un:(5l<956rrn:6U ©ggS <g^L_(5l $61160)61) 

CT^^l[j 6 OTa 6 rr (g60)ggg djl60)6uiul6u (®60)i_(S(fi6ijrp6m:. (SLDrb<sg££liu grrtjlaefrleu @>([5 

QgrijJ)l 6 ugj 60 )g CTgrf!1(J6 ot 6urn£jc£l [glgjdjlg gLurrij QffLULu 6£>(g Qgrrj^eurrerrigaig 

@[j60OT(Jl 6U([F,i_Lb QarrfJtaigLD ffiiuemi) ^[6rr6i| (Lpg6i)(5l OffiuLu (BgfjlfJtLD 
(gggjLorfiluufracEF Qffnmfipngaerr. <S4>6srrT6u -g^LfJl (S6U60)6U CTg^g6OT<S(gg<95(g @^l 6 u 
^i_p6OTjSl6u @>([5 u[£j(ggrr6<jr (Lpg6i)(5\ Sff) 60 ) 6 ULJu( 5 lLb(Eun: 6 u Qg(jl<£lpgj. (goring 

LDrrffleugffieu Qmffeit SmrR^mi) giLinfflatgLh gag <£lmi [*Rlirii 6 U 6 gr«gsasrrcT a^Lthl (p 6 U 6 Q) 6 u 

6 irR<£l[T 6 OT 6U1T15J(^1 [^ljril 6 ijl BlLI<g5(g61Jgn:6U CTLOLDU^lfflu ULJJ 6 OT (£l60)L<95<£lmgl CT 6 OTJT 1 I 

J&lgga a5rrGt6om:n:6fflLLjl6u 6jjl6n<s(g<^mn*n<s6fr . ^< 95(0611 (ggu, £1 gu mggULb g©ggrrg 
Qg[TL^l 6 u c£lgij 6 U 6 OTrAjcgE. 6 TT <g^L_(5UE6U60)6u CTgrf!lij6(jr(S60)6rr gnbaerr (B6U60)6ua(g ^(gun 
6 T6OTgJ LD^luufJl ClfflULUeumi). 

□□□□□□□□□□□□□□□□□□ 

1. LBR iiwa specifically designed by Kuka Robotics company to work 

with humans - Wikipedia 

2. Photonics Media - NORA BERECZKI. OPTOFORCE 

@gQgm_fjl6u <^|($\gg <sL_(Sl 60 )[j: (oi_Drrg6u gdUrjuLi (Collision Avoidance) 

Lj6W[jGti_6OTQ.urj<gE> 6 D 60 OTiy (Braitenberg vehicle) 6i6<jrp 6 T 6 frl 60 )LDiLin: 6 sr @ 6 oi_u 4 ,^j 
g6SlijuL| (obstacle avoidance) tfjl[j6u CT(ggjLb 6 ^ 60 ) 6 ^ 5 ^ 10 . U6U6U60)<95 ©g(g[£j<s 60 )LD 
s6oorfjl®6rr (Proximity sensors). @ 6 oi_u 4 ,gj g6filijuL| 60)<95uuiulrb<fl. 

(g/SluL): ^{(Jlgg aL_(J\ 60 )rrujl 6 u 6U(gib 60)55uuujlp#l60)Lu QffLugj unijaa 60 )uggrr 6 or 












[gl[j6uQLD[rL^l <g>[j6rr6n $6ii60OT(JlLb. 



Robotics 7. 


□ □□□□□□□□□□□□□ □□□□□ (Braitenberg vehicle) 

LJ6^[jGll_6OTQ.Urj<gE> 61l600riy 6T60riJ5jJ ©S^rr^lLIS <9560dfl6?frl 61l606yj(T)[J 6U[T6U60OTly(E6m:n: 
LJ6^[jGli_6OTQ.urj<gE> 6£>(n, #lrB£F)60)6srLj ufrlG^rrs^eoriOeb 2^56urra&d5liu 
@60)i_y4,gj<g56rr S6rr6rr ^Lp^ula) s60OT51a6frl6OT s536SliL(i_6or 6D60OTiy ^eoretfrliLiaaLDrraff 
©5=6060 {§)gjj ©[lyLJU60)l_lUn:5E 1 S6TT6rrgJ. <=y,£6(o6D |§lgjj 6T6ffl60)LDLLI(T6OT @60)l_U4,gJ 

ff,6SlijLJL| (obstacle avoidance) tglpb 6T(LggjLD 6Ljl60)6or<EF5=[jLDn:55Lj (algorithm) 

ULU6OTU(Jl(®pgJ. 

@ff,6OT 6T6ffl60)LDUJn:6m: ©[60)11)62160 L6160T5560LD (pllOtO Cell) (EufT6OTp 5=U£F)mj600TLDIT60T 
260orfrl5560)6iT (SfBrriyiurra ffsagtAjs^Leor {g)60)6OOT55556omi>. 6£>6ii©6urr/ru 5=555E>(j(LpLb 
06?ffl L6l6OT6Sl60)5= ^_p60LD (EfBrriyiurrs ©LuaauuLSeiieoOTC^Lb. 6T6or(o6ii ^oorfjlujleGl^rBgjj 
5=L61(S60)(65556rr <®60)l_5)5)61[l_60r 5=5E>55[JLb SLeonyLUttS ©[5)60nJly @UJ[ij@Lb. mriLD 

n_p6or©6ormrF. 55L_(hl60)[TLijl6b urrfrgsgs ^6oorfr . ©5=llj 6i6orm 6iffifr6iil6P)6or (reactive) g_p60)m 
6ifcffin^ffliu6b 55(ffi<g-i^iliu60)60 (paradigm) [fl60)6or6i|5^.mi[5J556n:. ©gy 6 T 6 fil 60 )LDiun: 60 T 

62160)6ot.ef5 : [jldit 55 ^^uulgULD {g)5)60Tuiy 6ii60oriy ©5=606ii60)53U unijg^rreb L61a6i(Lb 
(flsaeorreorsBrrs ldl_(S\ld 6060 ©|j§6mijjEE0j0jii5Ba5 5t^i_5) (8g)ii6OTn)555^(5lii). 

□ □□□□□□□□ □□□□ (Proximity sensor) 

©rB^nLaeoiD ^60orfjl 6T6oru5y ©Brriyiurrsg) ©ff,m_m_D6b ©[([5<£lg)j6rr6rr ©urr([5L556frl6or 
j§l0LJ6a)U55 &60OTLJ§lu_[Lb S600rfjl Ai)@LD- ©{B0[5J556O)LD S600rfjl ©U^LDLirrgJJLb 6£(tf, 
L5l6OT55[r^ff)LJL160Lb ©[6060gy L6l60ram£g)55 5E>rfilij6$<EF60)5 = (©[5E>5=cfl61JLJL| (Su[T60Tn)) 
siSlyDcfipgy. ©|rb5)U 460^,^160 ©|6060gj ^l^mul 6U(n,Lb 5 =l615560)(65u 2160 LD[rpp[ij556rr 
s6rr6rr6OT6un: 6T6ornjj 5=ffl umjs<£ln)gjj. 

6Tr5£F>Lj ©urr([560)6rr S60OTIJ (LpLUjDD^la^lSjDuSiDii ©{60)53 ©{B([5 [^<s 60 )ld ^ 60orfjliul6or 

@605E.(g) 6T60T^J ©5=rT606060n:Lb. ©1^3) @60(S(fl60r 5)60r60)LD60)UJLJ ©UttJJ^gjj ©6I)6Il(o6II 
seoorfjlaeoerru uiueoru©^^ @6ii6OM£i]©0a556oiiii. sneorprrs @6055@ ©fBcflL^liLirra 

@(5^^n:6b LSl6orS^a^l (capacitive) ©|6060gj ^>6fflL6l6or a6ooriJl60)LuiL[Lb ©[gy 
sSeorraiDna ©(np^neb L6l6or §jT6oon_6o (inductive) s6oor(jl6C)iLiiL|Lb 

UlU60rU(Sl^^)60IILb. 







^ljD6OTSu#la6ffleO 26rT6TT 6£>6fflUjll]J6fil6U (S6U6TO6U OfflLJILIli ©r50[5J<S6TOLD 26aJI§\ 


6^6fflu31UJ6U S60OT(jlc956rr ^)61jGl6UlT(J5 ^p6OT(Su<^<S@LD (^(H, 

<^|6u#liLiLDn:6OT: u^^hurra @(j5a<®6OTn)6OT. uiu6OT*rj<956rr (Suaeii^parra #ilp6tfr (Eu#1«5)il) 

£F>[£j(956fr Qarr60OT(5\ ©ffetfrpeiiLesr ^l60)[j60)Lu ^6O60OTa<s6i[LD Lop/pii) 

Qff,[r(Jlff,6u QffiLieuurrLeoL QsHLi^jpaaeiiLD ©gj 6 ul£ 1 QsHLuSpgp 

□ □□□□□□ □□□□□□□□□ (Obstacle Avoidance) 

(g)jSluL|: (SL_(S\60)giLjl6u S6rr6rr 6oauuiijlp#l6C)iLi Qffiijgj urrfjaa 60)uff>n:6(jr 

[gl[j6uGlLDn:L^l 6£>(j6ri6i| $6ii60OT(SlLb. aiyemnna ©(prB^brrgjjLD (Lpu_ip<fl 

Qffiugj ufr^nijaerr. (oLDg^jii) spjpaQamsrrerr ^r£j<s60)6rr ^<s@6fila@Lb. 

6 ip<£lrT6OT ^m6OT6n:6iilL6u (Robot Benchmark) CT6grm j&lrRas J§)6Q)6 ootuj 

as6rraS(£l6u puii (Lp£,6u @[J60 ot(J 1 uiulp<^<s60)6n:<EF QffLu^uleijreOTij @60 )£f>£f QffLusDgj 
p6$np. 60)uff>n:6ijr [glijeurTaa ©LDrrL^l60)Luu uLU6OTu(Jlff,^l, 60)£5i£l(oiurr 2 CTp^l[jgu<S(g) 
@60)l_U4,pj<S60)6rrff, ff,6iilijLJU^l6U ^IpLDUL QffLUeUUfJlLD Up.(Lp60)p<S60)6rr 
^SLirra^eiiSff) ©ppij uiulp<fliul6sr (HprraaLDrr^Lb. ©p£5u (SurrLLyLul6u #1 pp£F) 
Qffiueu^lpeOT ffiLDrnj 36 Qprrp.a6rr ^(gjii). rfr&J<s6rr LSp (Lpp.u_|LDrr ^|6U6ugj 




l61<s (LpiyiLjLDrr ct6otus^53(T6ot s^rra). 



@6roi_u4,fru ^eOlijuLi 

<^|6OTpiul6OT St 61I60)[J <9r2_lyUJ61l60)[J 65l60)[J61in:<S CT^^1[J6OT <^|60)I_UJ (o6U60OT(SlLb. 

(SrB[j^,^leu £560)i_(S6rr <^606OT^60£>iL|Lb as (o6ii60OT(SlLb. j§l60)i_iy,nuffi6rr 
6^6ilGl6D[T([5 6£LI_S>£glg)JLb #[jjr)JD 6U60)Slljl6U LDfipiSl ^60)mSSLJU(SlLb. (Lpr560S>lU 
6^>LI_rAjSE.6ffl6U UmjS)S> j§l|_[JS60)6rr ^(t)lS>S> <g>L_l_[£jS6frl6U ULU6(jrU(Sl^)0ITLD6Gl(5aaS6U 
@r5s> LLja^l. ^|60)pLulg^j6rr6n: 6rrBS> 6 ^ @60)i_u4,gu (oLDgjjLD (Ei_Dn:^l6m:n:6u 
u«5rfrl60)Lu (Lpiyuu^l6u 2L6OTi£iuiTss (B^n:<M65liu60)i_i5^^n:ss s^^uufl^lpgjj. 



( 8 [Eg 0 j 6 O) 0 j 6 T 6 iJ 6 un:gLl @ 6 wpuugj? (o6iic95£)60)£5 ^^55uu©^^6uiiii). <S4,6OTrr6u 
(061155^^161} ff»60)i_(g56rr ( 0 LD 6 U (omtt£F><g5<9r^iyiLi j§Lij ^£l<SLDii<£ln)gjj. ^<s(o 6 ii 
^@[5^n:iT)(8urT6b s60OT(jlc956frl6OT GtsujeuumlewLff fffjl Qffujiu (o6U60OT(SlLb. 

(oLDg^JLD [BLD @6US5(g) 6TIB65S3 igleOffLula) 6T6OT^J [BLDa^ff, Q& ) 6ffl6IllT<SS 3 

Q5}fjliun:6LilL_i_n:6u cbuld ^160)5= £F>(JlLDn:j§l ^6rr(o6rr(oUj arbiSls Qarreosriy.in^sa.s «g«_(Slii). 
^<s(o6u 6Wff)L51(oUjn: 2 6T^^lg«frl6u 6 ^ igleoffamliy Qun:(j5^^LJUL©6rr6rrg}j. 
©(tguulgULD QarrfJlaauuLL c£l[j6Gl6u @60£F> 6T6ii6urrp uuj6OTu(Jlff,gj6Dgj 6T6<jrp 
©s5r<M6U6iil^60)6u. ^leoffarrLiyaarrem: gjjgpja@ cgltjsu ^erfrlLurraa 
QarrfJIaaLJULfJlerrerrgj. @6053 tfnLaerr (off,60)6ULun:6OTuiy Q<95rT6tt6rr6U[iii). 

^leoffarrLiy srageore^effr (Lp(Lg ^eueoOTtija^aarrem: @60)60 otljl4ld 
Q an^aauuLfl^rrerrgy. 

□□□□□□□□□□□□□□□□□□ 

1. The optical proximity sensor of a smartphone by Pancho507 - 

Wikimedia Commons 

2. RobotBenchmark - Obstacle Avoidance 

@^Qff>ttL(jl6u ^{(Slgjgj <35L_(Jl60)g: rB55ij6ii ^1 l_i_lB1i_6u (Motion planning) 

6i^^lg6OT cB<g&g6ii 6U60)<95S56rr. ^6tffls^56tfrliLin:s Q^gy^fBULiGjlii ffftag 6T^^lg6OT 
(Differential wheeled robot). ^ saj 6 i ] ^Il_i_l51i_6u. ffgjgu uu 6 TO£F) 60 )ililj ul6<jrun]^jff)6u 

60)(95LJUU!]tn)<#l. 







Robotics 8. 


(Motion planning) 


□□□□□□□□□□□□□□□□□□□□ 

• CTr5#!l[j6OT(956fr: ntni uiulp#l<s6frl6u uaija^Lb 60)5 >l61(Sili 5 2 (ouaeAp U6U 
uiulp^l CT^^l[j6OT(g56rr ffaag 6U60 )<s(£uj . 

• 5Lp6uQpjSlu UL_60)I_ &T^^l[J6OT<356fr! (5.6115= 61I556OTLD (military tank) (2lJ56OTp 
5Lp6uQfBjSlu UL_60)l_56frl6U (tracks) [§60)6UUJ55 I§lp561|li), 5tj(5\(Lp[JI_56OT: 
L[6U[ij56frl6U fB5[J6IlLb @60)6Il(oUJ £lj0^060)611. LKJ61I6U55 6iilp5LJU(SlLb Q6 U(d 55 
60)LD60OTL_6TOI_5rjLb6rb LDp/pLD y,6TUL ULjln)(fl 6ip^lg6OT Q5>5@UI_l56rr 5Lp6uQpj§lu 
UL_60)I_565 Q5560OTI_60)6U. 

• pi_5@LD 6ip^l[J6(jr56rr: Uly55L_(Jl56frl6U 6jpj6UgJ pi_5(5)Lb 6Tp^l[J6OT56556U5)56(jr 
(LpiyLLjLb. ^g5U5L_ly565) GWp56Ttjl (ArcBotiCS - Hexy) 6T6OTp pi_5@LD ULLjlp#l 
6Tp^l[J6OT Q5)5(5)LJL| UpiSl Ljl6(jrCl6m:5(5, 5L_(Jl60)[JlL]l6U 6Sl61JrrLD55LJ UaijuSuaLD. 

□□□□□□□□□□a □□□□□□□□□□□□□□ □□□□□□□□□□ □□□□□□ 

□ □□□□□□□ (Differential wheeled robot) 

Olw -I 

Motor Motor 


V 

A 



Free Turning wheel 


£56tffl<£ff>6tfikjrr<$ ©ffgydj^uuijlii ©irara© saagniiffierr (two separately driven wheels) LDirinjjii 

2 L(E«jrm^ ffaaijLD (swivel caster) 

Glu(j5Lbun:6un:6OT 6rrB£§l[j6OT556rr atrij (Surr60 <^©6iJd£l6060)60. @[j60tir(5l (Lpa^liu 
5=5555[j[£j556rr s6oot(JI, 6^>6ijQ.6un:(j5 s^arrs^gjatgii ^6tffl^^6tffliLirT6OT (oLDrTLLrrij s6oot(J1. 
^Lp6OTp[T6UgJ ^l(J5LDI_|li) 5=5555[JLD CT^^1[J6OT 5=ITlLir65)J6ijlL_mj}6ft(^aa ul6OTL|pff,^l6U 
si_S6OTiTiy.iun:a ^|g)j6U6U(g5[ij(S6ffl6u (Bn:p<g5n:d}l(g56ffl6OT aneuaeftieu tfrajaerr 

^(j5Lbi_iLD 5 =<s55[jld utrij^^l^aaeumi). 

<g=<35.SE.(jrsjsE.(6T5,Lb 6j>(Brr (Beiias^eb 6£>(o(j £gl60)5=Lul60 <giLp6OTpn:6b ct^^ 1[J6 ot 
(E[B rj(o<g5n:L_iy6U (^eOTSesrrrs^CoiLirr ^|6U6Ugj Q6OT(o6OTTr5E>(£l(oiLirr 6^»(5 \ld. @(5 
<g=<35SE»[jrAjsE.(6i5,Lb 6£>(o(j S6ii(Sff)^l6b ^,6OTrr6b 6£6OT/T)j5E 1 ©55n:6OTJT}j er^lrj £gl60)5=Lul60 
5iLp6(jrp[r6u CTrB^ilrim (Barrrrgj, ©4>6OTTT6b @(gr553 ^L^^KEeuSiu ^l^Lbula 
©55ft6t^Ly(^55(5)LD. 

©LDLDrrrfilfjl ern^gmaeoms ©arrfJl^F, @605560)a ©Errs.® tfjl[j6u 6T(Lggj6iigj 

6T6ft)gj. @6ua60)(S ©Btrscfiff, Sff,60)6iiujn:6m: (SarreoOTLD @(n)n553 @i_ff>^l(S6u(Suj ^I^lduI 

Ljl6OT6OT*g (StBrjSarrLiya) @605^6055 ^|60)i_iu (Lpiyu_|LD. 

□□□□□□□□□□□□□□□□ 

(B<srj6i| ^iLLtSlLgya^ (Bmi) tB6U6uQff>n:([5 6iil6ty?6Gr<g=<g=[jLb ^eiirrss (o6U60OT(SlLb. 
@60 )S)(oili 65j^©5=g)j5)5)6b i_|^lij ^|6U6ugj ulu_irr(o6OTxr (Baijs^eb q^lrj 6T6tinruLb <9r2_jj6ufj. 
©55rr(Sl535) @i_ff>£gl6u @(50553 Oatr®^ 6fil^l(Lp6OTp(S6rruiy @605560® ©|60 )i_u_|ld 

6UL^l60)LUff) gJ60)60OTU LjlQ : l614SE.6Trn:<g5LJ uliJl(S@li) dglLLLD S^LUmj ©5=ILJ61I60)5) fB<S*rj6I| 

^Il_ll61i_6u 6T6OTJTU @60)i_u_j,jj(S60)6n:ff) 536filrjaa (o6U60OT(SlLb, 

ff)60)rriLjl6GlL_l_ (o55n:L_ly6OT (oLD6053[r6OT ©5=6060 (o6U60OT(Slli) ©|6060gJ 5 i 61I60)[J (giLlyfF ©5=6060 
(o6II60(jr(SlLb 6T6OTJJ U60 LD[r^l^UJn:6OT: 6iil^l(Lp6OTp556rr @(ff,(S5560n:Lb. 



@6U<S6TOa <^|6TO1_U_1LD 6LllJSl djlLLlfilLffl} 


CTfJlffjgjaarrLLfTa ibld 6rn56§l[j6or 6£>(n, < 95L_i_i_s ) g 1 j<95(g)6rr 6^0 ^eua^as 1 Glff6OTp60)i_uj 
(E6U60OT(JlLb 6T6onru 60)611^^(95 Qc95n:6rr(£6ijn:Lb. 6 ul^1lu16u c9t61i(j16u (SmrT^rrmg^jLb 
Uly<95(95L_(5l<956frl6U (956ijl^gJ 6fily)IJLDg)jli 6T^ff,U Utt60)£5lljl6b (£r5[j(oc95n:L_ly6U Qc^eorJTJJ 610565 
@l_ff)^l6U [§60rgu 6T61J6U6n:6Il U(T60)(95(956rr ^l^LDul 6TLJUly<EF QffeOTpeOLeUgJ 6T60TP [BLD 
eSleoeor^ffijib (Lp£560l6u aeorffi^gjcS Q<95tt6n(6n>Lb. @6iip60)p s595«95[j[5J«956frl6or 

(9iLp6U(o6U(95LDrr(95 LDfipiSl ^60)60015560)611 (SrBlJlyLUfTaS 1 95(g) ^60)|UI_|LD. 



□□□□□□ □□□□□□□□ □□□□□□□□□□□□ 


6irR<£lrT6OT ffim6OT6n6iilL6u (Robot Benchmark) CT6grm jalfhes J§) 60 ) 6 ootuj 

as6rrasrfil6u @[J60 ot(J1 lSluj uaaLD 2 . 6 TT 6 rr ffgjgu urr 60 )£F> 60 )iu rBLD(Lp6wi_iu 6rrB£gl[j6CTrr6b 
gjjfll^LDIia&p ^jeU^5lLLILDITcgE.614Lb ul6OTUpp 60)6UUU(off, <g=6Un:6U. 







6rrB^lij6OT ffgjiju urr6roa3ffi5)UJLj ul«j:un)frua360 


ffgirr^gleor 6 ^ 6 iiGl 6 UfT(j 5 (H_p 6 or/T)j <S-l 6 rr 6 i 4 (j 5 cgE.<g 56 ^ 6 rr ^%.uu 60 )i_u_in:<s 

60)6Uff>gj ©SHLiewglpeo^a <9 e>60otse.^I( 51<^1 pgj. (Lp£F>6&6u ffgjgu urT60)£5«S(g, 6T6ii6U6rr6i( 
Glff^jrpgij, {g)[j 60 ori_rr 6 iig>j 6 T 6 iJ 6 U 6 n: 6 i| ipfjt^LDrras 1 Q^eorpgjj, (y) 6 orprr 6 ug>j 
^[rb£F>LJ U<S<Sff>£gl60r jg)6U<S(g)«95(g, 6T6il6U6rr61( ^|(J5<fi6U Qp^tAjcfi 6 D^ff>gJ. @6Dpj5l6U 
SrBlJffigjaig, @[J60OT(J\ U[BJ@ 6T60)l_U_[li) LDp/D @[J60OT(Jl(g5@Lb 6£(tf, L)[£j(g) 6T60)l_LL|Lb 

606u^)gj 6T60 )i_luIl_l_ ffijfiffiJleouja (weighted average) <s 6 oors<£l( 5 t<£lpgij . 

6ip^l[j6rffl6or ffsatjrAjaefrleu pairpp, gprrii ^|6ri6ijl(SlLb s60or(jl<s6rr 2600T(Jl. 

@60)ff> 60)6Dff>gj p<95*rjp£F> gpij^eos^ £p^^u_ii_Drr<s<s <9560 otse.<£1l( 5\ tSps^eoTfreb pmi 

LD^luGlu60or ©up (LpiyiLiii). 

□□□□□□□□□□□□□□□□□□ 

1. Three wheeled differential steering by Patrik- Wikimedia Commons 

2. A path through configuration space using a road map by Simeon87 - 

Wikimedia Commons 

3. RobotBenchmark- Square Path 

@^Qff>rri_(jl6u <35L_(Jl60)[j: (Lpfjlaa Lon^frl (Accelerometer) 

^r£j( 956 rr 6 glp 6 or (Su#Illj\ 6 u (Lp(p\<s<s Lon^frl Q^lullild (o6ii60)6u<s6rr. §-ua (E-puck) < 956060 . 
6ip^l[j6or. £glpp£F> 6D6orGiurr(p,6rr (open hardware). £F, 60 ) 6 u<^yD aers©) (Inverted 
Pendulum) 60)<£uuiulp<fl. 






Robotics 9. 


(Accelerometer) 

S[£j(956fr £gln)60T (oU<fl60)lU rg > 6rT6UlTLI_^>^l6U ©(t^rbgiJ ^fl56U61JmLl_^£ljT)(g,&) 
^l(n ) LJL4<fijfrra6Tr &T6OTgu 60)6Dff,gja Qan:6n(B6iin:Lb. [£[£ja6rr umj^gja Qan:60OTiy(n,a(g)Lb 
arrO600Tn:6filSiiJ[r ^|6U6ugj r§[5j<K6rr uLU6OTu©a>£gla QarreoOTiy^a^ii) GlffUJ^lSiurr 
[f6rr6Un:L_l_ff,^l6U @^jEgjJ ^<S6U6UttLL^^p@ff> ^l([F,Lbl_|^lpgJ ^|6U6U6U[T? @£F>60r 
ul6OT6OT[r6U ©([^LJUgJ £F>rr60T (LpfJlaaLDfTerfli. 2.rnJcgE.6TT (d£ 5«95LJ ULUlp#l6WLU ^6ri6Lil(5lLb 
Qaiu6ljla6rr [f[£ja6rr CT(5\a(g)Lb £F)Ui_iiya60)6rr 6T60or6otfrla arrUjUi. LDp^jib #l6u 
6 D 60 OTiy(Eujn:L_( 5 \Lb Qau_i6ljla6rr snija6rr 6 U 60 oriy Qaeugyib (S 6 iiaa> 60 )a)iL|Lb amJJlLD. 
@60)6ii Lun:6ii(ELD (Lp(Jlaa LD[T6rfrl(g56n:n:6u rB60)i_GlugU(®6orp6or. 

□-□□□ (E-puck) □□□□□ □□□□□□□□ 

6U^U) ULLjln3#lLLjl6U @n5£F> 6TrB£gl[J60)60T(oUJ UlU60rU©^U Q\jn&l0J&)6n. 
Qff)m_(S(Sff)^l 6 U @gjj < 956 U 61 jIlLj 16 U ULU60ru(JlLb 6Tr5££l[J60Ttta(o61l 6Ul£6U60)LDS3£Fij 

Q6U6fflijjli_LJUL_i_gj. ):).n3 ^ImrRas 6U6orQumn^6fr ^aii) . <iy>a(o6ii @gjj U6U 

[glFU6U6or[ij(S6rrn:6u 2 (ff, 6 un;a«£l 6 filrbu 60 ) 6 or ©ffiuLuuuQ^pgj. @a> 60 T 6 i]l 60 ) 6 rr 6 iirra @(oa> 
(EufT6orn) ^Lba[£ja 60 ) 6 rra Gtarr 60 ori_ 6U6otfrla 6 TfB#!l[j 60 Ta 60 ) 6 rr 6fili_ @a>6or 6 SI 6 O 6 U 
@ 60 )p 6 urT(S ^6TT6n:gj. <S4>a(o6ii @ 60 )a> ^||Sl6filuj6urr6rrij(S6Tr ^[jrriua#la@[i> u[j6U6urraLj 
uuj6oru(Slff ) gj(fipn:ij<g56rr. 




|§l-U<95 <S6U6iil 6T^^llJ6OT 

□ □□□□□ □□□□□□□□□□ (open hardware) 

ffimes ^|6U6ugi ffimrRff pjj)6u 6 U 60 TQumg 6 fT 6T6oriDn:6u 6i6or6or? Ourrgefrleor 

6Uly6U60)LDUI_lff> ^,[J6U6?J?(J614cg5.6TT 6T6U6UttLb O61l6fi}lOl_LJUL©6n6rr60r 6T60TJTU 60)6llffjgjff 

Qs5n:6Tr(E6iin:Lb. O{ff>6or £glu_[£jff6rr (schematics), rf6uu uiy6ii[£jff6rr (blueprints), 
gijffff 6 uiy 6 U 60 )LDULia 6 rr (logic designs), a6orffl«frl 2 ff> 6 i j! 6 ui£ 6 U 60 )ldljl| (CAD) 
6U60)[jui_[£jff6rr, (SffrruL|ff6rr (Eurr6orJD “^Lp6ua (gj§liu(5lff6rr” LUtteiigffrgLD <®60)i_ff(ff)Lb. 
@6Up60)JD ^IgULD^laaLJULL 2.iJlLDrAj<gE>6ffl6OT 6T6D(tf,li LD[rpJD6U[rLb ^|6U6UgJ 
6iilfrl6ijn;ffff6urni). 0|rbff>u Gturr^efrleOT ufratija^aarreor (Lp(Lg6iil6urr(LpLb 
Gt6U6fflLLjll_LJU(5\6U^)n:6U U6U [£lgU6U6OTrAjSE.(6r5,Lb ff>6tfrl [BU*[J<S(6irF,Lb OjrbffiLJ ©U[T([560)6rrff, 
gLurrij Offiugj 6 iiln)U 60 ) 6 or OffiLiiueurrii). 

□ □□□□□□ □□□□ (Inverted Pendulum) 

6irR(£lrT6or <£lm 60 T 6 rr 6 jjli_ 6 u (Robot Benchmark) 6i6orm j&lrRff j§) 60 ) 6 ooruj 
ff6rrff(£l6u n^dii @ff>rb(ff) (Lpr 560 )ff)iu uiulfi>flff> 60 ) 6 rrff Offiuff>fll6or6orij @ 60 )ff>ff Offujeugj 

fR60TJTII ■ 6^(0} |§) - Uff> 6TfB^l[J60)60T 60)6Uff)gJ 6£)(g £F>|6rfrtLLjt6l3 6T60)L 60)6Uff)ff) (ff)ffc!'Fl60)UJ 

uffff6urrL_iy6b ffrnurBffjj 65jlLpm_D6u (Lpiyr 5 ff) 6 U 60 )[j Offtijegffgrrff [glgjff)gj6iigj ff>rr6or 
@r 5 ff> ff6iirr6u. @r 5 ff> gj«fflijjl6u 6 T 60 )i_ 60 ) 6 iiff)ff) (gff#l 60 )iuff)ff)n: 6 or ff>60)6u<d>y3 2^5=60 
6i6or^j Offer60<^liDrTrj<a6rr. 






£56®6u«9?y) aeiffeoeu <9 =ld6ot GWjili (LpLug^jii) @-u<s CTp£glrr6OT 


aiiu[BJ<3n.00iTi9.<g&6rr <g>(n, (g,<EF£l60)iu d]l[j6u gj«frlLul6u Qfftsj^s^rra 

QfB(Jl(S[BgLb <g=i_D6OT GlffLuaierofs [§£j<s6rr umj^^^udjaerr. ^|S^> (o6D60)6U60)lu£f O^lulu 

6^(5 ffaatj 60)U£F>rr6(jr QiDfiL^liuleu cgltj6u CT(Lggj6ii(Sff) @r5£F>u uiuln)(flujl6(jr 

(BprisaLD. urr6U60)6OTUjl6OT(oun:gj <fl 6 u #gpn) [§60)6u@60)6U6i| 6 iil 6 G^<g=<g 56 fr (random 
perturbation forces) 2 mts=^G 16 ot: (Sld6u fgijuuGJlii- (Scbcjud <S4><£ <S4,<s [§ 60 ) 6 u@ 60 ) 6 U 6 i| 
6Ul6c^e=Lul6OT ^|6rr6i( ^l^laLDrr^LD. @6iirD6wp s[£ja6rr c£l[j6un:6u ^|^la Spijii ^Lorrefrlss 
(Lpiy^n6U ^l^l<9& LD^luOu60OT Oup (Lpi£lL|[i>. 

□□□□□□□□□□□□□□□□□□ 

1 . Photo of the e-puck mobile robot by Stephane Magnenat - 

Wikipedia 

2 . RobotBenchmark - Inverted Pendulum 














@^©^ttL(jl6u ai_(5l60)(j: 65)<s (Robotic Arm) 

61)1© [gl60)6U(S6rr (Degrees of freedom). 60)&(Lp60)6OT: (End 

Effectors or End Of Arm Tooling - EOAT). 6TO6u^6u (Pick And 

Place). 



Robotics 10. 


Arm) 


(Robotic 


□ □□□ □□□□□□□ (Degrees of freedom) 

651© [gl60)6U(S6rr CT 6 <jrpn: 6 u CT 6 OT 6 OT? 60)<slu16u 6 £ 6 ii© 6 iin \[5 (y)L_©LD @>([5 651© 

[§60)6U Q<9=tt6U6U6urrLb. ^|ff>n:6ugj ct^^I[J 6 ot 60)55 6U60)6rriu, ffiLperr ^|eu6ugj 

(Lp6OTul6OT [B<S[ja<gT 2 _lyUJ @I_LD. CT^^l[J6OT 6OT&(S6frl6U ^LpL_(^l<9E>6TT eULpaaLDfTaff, Q^fTLfJ 

(Lp 60 )pLul 6 Uff,n: 6 (jr (serial) ^pSungj @ 60 ) 6 oot (LpewpLul^jib (parallel) 

(H_pL_©<956Tr 60)6US3g}j #l6U 6T n5£gl[J6OT(956fr 6U(ff,(fi6(jrp6m:. (Lp60)p (H_pL_© CT^^lg6OT 

60)(Sa6ffl6U CTff,ff,60)6OT @UJ(S(£l<956rr S 6 rr 6 n 6 OT 6 T 6 (jrp 6T60OT60tfrl6OT:n:6U <^jgjj£F>rT 6 OT 651© 

[§60)6U(956fr 6T60OT60tfll<S60)<S. 

(Eeu^jeijlffiLDrras 1 ©ffrreueuuSurreOTrreu ^,6?ffl^)^)6rfrliLirrsE.<g= <g=rrrrul6OT/Sl 
<sl©uu©<s<s< 95 < 9 t^iu (independently controllable) @nj<s<snij<s60)6rr 651© 

[§60)6U(g56rr 6T6 ot^j <9r2_p6urrLb. 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□? 


Examples 



Allowed to move only Allowed to move in x 

in x and y. 2DOF and y and to rotate: 

3DOF (x,y,0) 








®lJffi5OT© LDfTinjJLD ^Lp6OTnjJ 6iil©[§ffi5)6Ua6rr 


CTfJlffjgjaarrLLfTa, ©Lgjjuaau ui_s 3 £glg>j 6 rr 6 rr 6 U 60 ?jriya 6 rr (Lp6OTgULD ul6OTgULD (Surra 
(LpiyiULD LopgUii uaa6urrL_i_rra @i_(LpLD 6U6U(LpLD Surra (Lpi^iqii) CT6OTgu 60)6iia,gja 
QarT6rrS6iirrLb. @6uprpa(g) @rj60?jr(Sl d]l(St[gl60)6ua6rr s6rr6rT6sr 6T6tfrrru Qarr6uS6urrLb. 
6 U 6 ugj 60 )au uaaii sotot ui_a,^l6u 2 . 6 TT 6 rr 6 U 60 OTiya 6 rr @ 60 ) 6 ii a>djlrj SrDpQarr 60 OT(Jl 
Sa»60)6iJiurT6OT SarT6orjrrija6frl6u ^(n,Lbu6i[Lb (LpiyinLD 60)6iia)gjaQarT6rrS6ijrTLb. 

@6upjja@ QLp6OTgu 6iil(5\[gl60)6ua6rr ^6rr6rr6sr 6T6srrp Glarr^SajrrLb. pLorurreu tgltj^Gleu 
{g)r5a> ^Lp6OT60^JDU4LD s36tfrla>a>6tfrliurTaa aLfJluufJt^a) (Lpiyu_|Lb. 

□ □□□□□□□□□□□□□□□□□□□□□□ (End Effectors or End Of Arm 
Tooling - EOAT) 

Q6uprfjli_Lj uliyuul (Vacuum gripper) ^a>6<jr S 6 U 606 ua(a>a> ^@pa>rriT)(ourT6u 
LDrrppaa^iyiu ;p 6 i|^^ 6 OT 60 )ri)iurT 6 u spua>^lLul6u r§l 60 ) 6 ururr 6 OT:a>rra ^6rr6rrgj. 
OurT(r 5 L_a 60 ) 6 rTu ulp.a>gija> gjraa ^pa, 6U6oraiurr6OT: ulpLul 6£>(n, rjuurj 

<^|6U6ugj urrdjlu^ijl^leijr <®60OT60OTa>60)a>u uru6<jru(5\a ) gj(flpgj. 

rfrj(iga,a,Lj ulpLul (Hydraulic gripper) L51a6iiLb u6uld eiijpnLrg^pap <S4>aS6u ^|^la 
<^|6rr6ijl6urT6OT 6Sl6oa Sa,60)6uuu(5lLb S6U60)6ua(6rr,a(a) ^[lyaaiy 
uruerrrufJlai^LJufJlcflpgj . 2000 psi 6U6orj 6iiLprAjaaaLp.ru 6jprSla6frl6(3l([5^gj (pump) 
{g)r5a> 6rrB£§l[j6(jr uliyULjla(6rr,a(a) <^{rba> ^|6rr6i[a@ u6uld <£l60)i_a<£lpg}j. 

@ 6 i)prSl 6 (jr aa#la>LDrT 6 m: <^| 6 rT 6 ii mp/ruii) (o 6 uarr 6 $r 6 T 60 )i_ arnj 6 orjrrDrra arTpp(Lg^a,u 
ulpuula 6 rr (Pneumatic grippers) i%u6umrr6m:60)6ii. spua^a) gj60)piul6u @6iip60)p 
CTefrlairra 6rp^lgrija(6rr,a@ @60)i_rul6u 2.6TT6rr ©jpaaLorresr @i_rAja6frl6u ©urrrpa^a, 

(LpiylL(Lb. 

r£l6OTam£a>u ulpuula6rr (Electromagnetic grippers) SprjrSleAr aa^l6oxuu 
uiu6OTu(Sta)gj(fi6<jrp6m:. @6iip60)pa aL_(Sluu(S\a)gj6i)gjLb CT6frlgj, GpuijlirM^ppip 
urraa)60)a) 6fil(Sl6ijlLJugjLb &T6frlgj. 

□ □□□□□□ □□□□□□□ (Pick And Place) 

6rfE<£lrT6OT ffip6OT6rr6jjli_6u (Robot Benchmark) 6r6?rrp jalpa li) 60 ) 60 grru as6rra<£t6u mrrup 



©£5ji)(g> (Lpr56C)£5iu ©OTLi£si!]l6OT6OT;ij @ 60 )£f>£f Q^Lueugj [B6OTgj. (garr 

(Kuka) [gl^j 6 U 6 OT:ff)^l 6 OT y4,urrL_ (youBot) 6 T 6 othi ffaarr 6i^^lg60)6m:Lj uiu6OTi_i(Sls3£gl 
©ffgu^gju uL_ 60 )i_Lul^ 3 l([ 5 ^gj (conveyor belt) <g ><$ aeOTs^g^eovg 
<^|ff)pan:6m: OuL_iyiul6u 60 ) 6 iiuugjff)n: 6 (jr uiuln>fliul6OT (giSlaSarrefr. 



(gi<5tr U4jUrTL_ ffaaij 6rrB^lij6OT 6ros> - ct©s3§j 6 TO 6 US 3 S 360 


(Lp<S(®LU ^lp6(jr ^|6rr6Sll_6U CT6OT6OTQ61J6OTn)n:6U UfFfSOff frQSl&S^&iGS)^ 6U60OTly 

li)gj 2.6TT6TT Gl|JL_lyLLjt6U afldjllLirra 2.6TT6TT @l_ff>^l6U 60)6UcS<S CT^^l[J6OT 

CTfJtffjgjaQanerr^Lb SrBrrii) £F>rr6tfr. Clffg^j^gju ul_60)i_ 6£>i_ff> Q£5rri_[£jc£liLi6i[i_6<jT 
an:6U(S(S60rfflLJIjl ^)l_ff,gJ6U[ij(g)Lb. ©UL_lylljl6U 60)6Uff)ff)6I(l_6OT 

[§6OTglJ6ijl(5lLb. SL6OT @£F>fb(g) QliHS^LDria 6T(JlS)£F> (SrBlJLD U£§l61[ QffLUlULJUfJlLD. 




60)U£F>rr6(jr [gl[j6un:<s<s GIlditl^160^ililj uiu6OTu(Sl^f)l Q<9HLi6U£gln)60)6OT (ELDLbuQ^gjeDgj 
CTuuiy? QffiueuuC^l^gjii) SfBtjLD (g,6OTp<s<s i_i6u(o6ii/T}j sff>^l(S6rr ^6rr6n:6m:. 
^(Jl^gjaarrLLrra, rg > r^j<g56TT 6D60OTiyiul6OT (o6ii(S£)60)£F) 

uiy[gl60)6U(S6ffl6(jr (SrBtj(g,60)n)ss 6 ul^ 1 umj4<s6urrm, mpguii) @u_i(S(95[£j(S60)6rr 
@60)6om;iun:<s£F Q^LUiueunm. ^|ff,rr6Dgj 6U60M£ 6£>iy [gkyrp lj16ot^>(I60t 60)<s6oiuS) 
^l(ff,UI_l6UgJ 6T6OT/TU ©6U6UULD6U 6U60OTly ^©LD (Sl_ltt(o£F) 60)«9560)IU&) ^l([^LJU6U(Tli). 

□□□□□□□□□□□□□□□□□□ 

1. J-C. Latombe. Robot Motion Planning - Carnegie Mellon University 

2. RobotBenchmark- Pick And Place 

@ff>Q£F>rri_(jl6u ^K5t£>£5 <95L_(Jl60)[j: Li^lijurrewffxSig 6 SI 6 OL arr^u^eu (Maze 
solving) 

(LpUjl igl[jLji_iff ) 6u (dead-end filling). ^Lpm-(Lp£ 56 u (Bff>i_6u (Depth-first 

Search). ^|<956uu>(ip<s&) (B^i_6u (Breadth-first search). 6rbi_mj 6urrrj6ru (Star 
Wars) ui_tij(S6ffi6u su^Lb 6£>(n, ern^um urr^^lrrLb ulul-8. ^uulff>£F>6u. 





Robotics 11 


(Maze solving) 

6£>(n, 6rrB£§l[j6(jr ff>6OT6tfrluj<9E 1 <95LDn:<s q^lij urr60)£F>iul6u ^(rgrbgiJ GtajefiKoiuLTyii) 6UL^l60)iua 
<s60OT©L}iyuu60)^^^n:6OT p^ijun:60)£F><S(g)f) ffrj6i| <sn:60OTugj CT6OT<fl(Sn)n:Lb. frrpp ffiLiy 

(random mouse), ae/g ulemuppa) (wall follower), uIGIotl^ (Pledge), Lopnjjii) 
L_GigLD[ra6ru(Tremaux’s) <S4><fliu60)6ij 6TrB£§lg(B6OT:rr ^|6U6ugj <S4>(£6rrrr (Lp6OTul6OT 
Q^fjliurrff) uit60^^,llj16u ^6rr(B6rr LDfTLiya Q<95rr60OTi_rr6u Gl6U6fflGuj^jLb 6ul^16otlU(S 
<s60ot(JI ullyLJUffiparrem: sOleoeOTffffgtijaerr. 

□ □□□□□ □□□□□□□□ □□□□□□□□□□ (dead-end filling) 

-iy>6OTXT6u [ftijaerr (Lp(Lg Li^lrj un60^60u_iLL|Lb Si_D^3lg5^gj urrijaa (LpiyiL|Lb 

60)6Dff>g}j<s QarrerrGelirrLb. ;-pL(hl grRfflagom [^IrruLggsgu (Surr6OTJD 

6fil60)6OT<f<9ps360)a)Lj uiu6OTu(1^^6un:Lb. 6T6U6urr (LpL_(Jl ff^gjaewerriLiLb [glguul6i]lL_i_n:6u, 
^([gLJugj ijfTLD QeuefrKEiu GtffeugjjLD 6 dl^1 £ 5 rr(o 6 OT:? 

□ □□□-□□□□□ □□□□□ (Depth-first Search) 

ffg6i| angpii) 6Sl60)6m:<f<9 : gLb sggeunaa [§[£j<956rr ^60£F> 6£>gg 
<fl60)6rruui_LDn:<s sggeu^aaeumi). @£F>rb(g)S} 0}6i\ arr60OT ^ipm - g.pff.eu 
(pgiLSU 2.60OT60)LDLLjl6U 6£>(n, L56U6U L&Trffiggerr Sff,l_6U £F>rL6<jr. 6Sl^l(Lp60)p 

CT6(jr6m:©6U6OTpn:6u (Lp£F>d)l6u 6U6ugj Gamyiuleu ^6rr6rr <fl60)6rr60)u_iu ul6OTup|pG6un:Lb. 
^|^l6u Gl6U6fflGiu^jLb 6ul^1 <fl60)i_a<956ijl6U60)6u 6T6m:pn:6u fjlggLDul euggGajnxb. ^Iggibijl 
6U([f,li) 6UL^1 lu 16U [BLD(S(g) <fl60)l_<S(g)Lb @l_g}j UaaGLDfr ^|6U6UgJ CSrBrjlT<35(S6U QffeUg^JLD 
(Lp£F)6u 6iKTLULJ60)u Q<sn:6rrG6ijn:Lb. ^(n,Lbu6i[Lb 6U6ugj Gamyiula) 

S6rr6rr <fi60)6rr60)Luu ul6(irupjjG6iin:Lb. ©LDLDrriglfjl 6^>6ijQ.6un:(j5 <fl60)6rr60)iuii4Lb <^|£F>6sr 
(Lp(Lg Glff&jr/TJJ unij^gj 6fil(Jl61l£F>n:6U @60)£5 ^jpLD-(Lp£F>6U (o£F>l_6U CT6(jrgJ 

<9^pj<fl(opn:Lb. 

□ □□□□-□□□□□ □□□□□ (Breadth-first search) 

@£F)jT)(g) LDfipna ^|a 6 ULb - (j-pasgo GasLeb 6UL^l(Lp60)pujl6u uiyiula) ©ggaggLO 6 T 6 U 6 urr 

(®60)6rr(S60)6rriLiLb (LpLup.fi GlffiuS) ul6OT6OTfr^,rr6OT ^(gl£>£F> ©ptij^ls 1 

Q<9=6u(S6un:Lb. 









ileac ng: l! c l _um of i urns: 0* 
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o 


H: IfiV&ISn' 
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!i i/U’ 

lit O’s; 360“ 


ii: mo's: ir.n’ 


I t27J“ 
SJZ.'U' 


H: 90 ' 
S: 9T1* 


H: 0' i: J’ 


L_[^l[7UrT65)53(3i'(ff)53 rfilj61| (9i>[T 650)l <5r)6U 

Q^rrLrrrbp q^lij un:60)^cS(6i5<S(g) a6U65)g igiLiys 1 QffeugjjLD (Lp6opLul6u 0i®\ 
an:60OT6un:Lb. ^6srrr6u muto Q<9=6ug)jLb 6UL^liL[Lb Q6U6ffl(EujgijLb 6UL^liL[Lb i_i#Trj 
u[r60)ff,Lul6OT Qeuefflffffieuijaeffleu §^4® (B6U60 ot(51ld. CTrb^gm g^*gun:60)£F)iLjl6<jr sl_ 
uaaffi^leu , Q6U6ffl(Euj QffeugjjLD 6 ul^ 1 Q^rrLijnjn) u@^Illj\6u 

@(i5<££5n:6b 26rrS6rrSiu a^)j516iirr«s «9n_(S\ii). fllQ6rrLg) 6jjl60)6OTgOTLD (Pledge 
algorithm) (H_p6i)LD @£5rb(g)S3 tfTrj6i| s5n:60OT6un:Lb. 

□□□□□□□□□□□□□□□□□□□□□□□□ 

CTrR^lrT6OT ffim6OT6n6iilL6u (Robot Benchmark) CT6grm j§)rR<9s J§)60)6 ootuj 

aserras^gu cbuld @£F,rb(g) (Lp^60)ff>Lu uiulp<^<s60)6n:£F Qshljs3ij16OT6mj @60)£5£f Qffiueugj 
[B6OTJJ. ulul-8 6i6OTugj 6roi_rrrj 6urrrj6ru (Star Wars) uLtijaeffla) 6U(J5 ld 6£>(n, ct^^I[J6ot 
un^ggib 2015 6roi_rrrj 6iirnj6rb: o°o(Surnj6fb <^|(E6ii(g56OT6rb (The Force 

Awakens) ldpjjld 2017 6rui_rrrj 6umj6rb: 6urr6rbL_ Giggly (The Last Jedi) 

^<Siu6Dpj§lg)jLb 6ii(j5(fipgj. (E(g5n:6n:6ii([56un:6OT si_6£jld ff>60)6rrujn]^j @Lutij@Lb 

(gsOlLDfTLff) ff)60)6ULL|Lb Qarr60OTI_ CTijrfilgm. CTn^OW Qun:ii)60)LDlLin:<SS3 ffipSungJ 

ff^eO^LUla) (®60)l_<S(fipgJ. @r5£5 Qun:Lb60)LD60)LU(S 60)<S<S<S60tfrl6tfrl <^|6U6UgJ ^lp6OT(Eu#l 

^_p6ULb ©luaaeurrLD. 































6roi_rrfr 6urrij6nj BB-8 

[BLDgJ UrT6II60)6OTlLI(T(S(£lLljl6U BB-8 CT^^llJ6(jr LHJ60)6U6D65K£££l6b @L^llJjl6U 

LDfTLiyaQarreoOTiy^a^JDgj. @60)£5 6Sl60)[j6iin:<s<s (gL^ujldjl^rBgjj Q6U6ffl(Eujp 
eiiL^lGlffLULuSeDeoOTC^Lb ffeiirreu. 6 ^ (§L£li_0^ln)(g,Lb ^l^laiDrrem: 

&T(S\ff)gj(S QarreoOTLrreu -S^llld [§6OTp6iil(5Ui>. 

60)6OT(S @L^llLjld}l([5^gJ 6T61J6U6n:6I( 65l60)[J6UrT<95 ©6U6ffl(oUjpjSl6Gfo'<gE 1 6rr CT6OTU60)ff, 
<^|lyLJU60)l_UJn:(S 6G)6U&)3]} LDd£lLJ©U60OT Q<SrT©a«^fl)mj<S6n:. ff)UU6Sl6U60)6uQuJ6rfTl6U, 
£F)Uula<S CT61J6U6n:6Il ^(J5^l6U GUB^n^ 6Ur5£$J<356rr 6T6OTU60)£F> 60)6Dff,gJ LD^luGlU60OT 
<®60)i_(g5(g)ii). 


^UUl6OTTr6U LD^lu©U60OT 50% (LpS)6U 100% 61160)[J ^60)l_4(g,li). <^|(S<S600r(oLD 
dguula^rreu 100% <fl60)i_(S(g)Lb. 6£>(n, c£Il51i_^,^16ot a60)i_<fl 6fil[5n:iyiijl6u 

^uuls^rreb 50% £F>rr6or <®60)i_(S(g)ii). ff)UU6ijl6b60)6uQuj6rfTl6u (g)L^liul6or 
6iil6frlLbijl6Gl([5^gj 6TL_iyiu (ScbiJIllisu Gl^rrLijurra 0% (Lp£F>6u 50% 6U60)(j 

LD^lu©U600r (®60)l_(S(g)Lb. 

60)U£5rr6or [glijeurras ©LDmJ)l60)iLiLj uujeorufjl^^l QffLueu^lpeoeor (oLDLbufJl^gjeugj 

6TLJUly? (g)L^lLul60r <g=ITLLJ614 ^[^(SLOttcS ©(^LJU^freU 6T^^llJ6OT (Lp60TgULD Ljl60TgULb 
^>(Jl6Il^l6U Q6U6frl(oUJ 6Dp (LpiyUJfTgJ (SufT^l^a^pgJ. ^55(o6U UcSaLD 
(£[_D6u(£r5n:<s<£l ^I^ldijI @L^la(g)6Tr ^eoorfjl LDguuaaii) 6jjjld 
uiu6OTu(5lff)ff) euL^lucrijaa (S6D60OT(5lLb. fffjliurreor s^eoornLaefrleu ^leoffeoiu LDrrrbjSl6orrr6u 
6i^^l[j6or ^uuluuffip^ euniuuLH^acfipgjj. [§£j<s6rr 6T^^l[j«frl6OT £5JT)(Sun:60)£F>iu 

^|6rr6i]l(5l6Dff)p(g <5Lp6u amliy s 6 oor(jl 60 )Luu (gyro sensor) 

uiu6OTu(5l^S36un:Lb. 

□□□□□□□□□□□□□□□□□□ 

1. Left: Left-hand solver trapped in a maze Right: Pledge algorithm 

solution by Randomperson321 - Wikimedia Commons 

2. PNG image: Robot PNG 

@^Q£F>rri_(jl6u <35L_(Jl60)[j: (9 t6D60)[j <g>L_iy(Suj (Wall 

Following) 

(£(95n:L_iy6or (Eld6u Qs^^g^eu. Si6ii60)[j 6£>L_iy(£iu ©ffg^g^eu. uLU6ofg 3-DX 

6T^^1[J60)60T <9i6D60)[J 6£>L_ly(oUJ Qffg^g^eb. 






Robotics 12 


(Wall Following) 


CT^^l[J6OTa6TT ff,U6tfrllU[BJ<£llUIIS @LU[£jcS 6j(Sff)gULb 6^(J5 ff)6OT6rfrll_[ij(g)jSlff,ff,6U ^lp60)LD 
Sff)60)6UUU(5l(^lpgJ, @60)£F)LJ ULU6OTU(Sl^^l, £F>(T6OT QfflUUJ (o6D60OTlyUJ (o6U60)6U(S(Sn:6OT: 
UrT60)£F>60XLI I_DL_(51 lD 6U6U(TLD6U ^IptFiU U0:60)S3lljlg)J6rr6rr ©60)LU4,pa60)6rTlL(li) CT^^llJ6OT 
<^ 60 LiumsrrLb & 60 ot(S 1 Q<srr6rr6rr (Lpi^iqii. @^rb(g), CTfJl^gjaarrLLrra, L46SI [§ 60 ) 6 U 
anLiy (Global Positioning System - GPS), p6rr6frla6rrrr6urT6 OT $ld<kld (Point- 
cloud) (Su[T6(jrp U6U(E6DgLJ 6UL^l(Lp60)p(g56rr 2.6TT6TT6OT. 

6D60OTiy ©<g=^jff,gj6ii^l6u ^|iyuu60)i_a6rrn:6OT (E<95(iL_iy6OT (Sld6u ©crop^g^eu (Line 
Following) mp/pi a6D65)g <g>L_iy(Suj ©ffg^gy^eu (Wall Following) ^<fiiu6Dp«M) 
prim @tij@ 6Ul6U[jLDiT<g5Lj ucrijuSumi). 

□ □□□□□□□□□□□□ □□□□□□□□□□□ 

©r5£F) 6ip^l[J6(jr (oan:L_ly6OT (0LD6U 6 j)L_ @[J60OT(Jl ©|<9E>£F#l6ULJL| Qp<ff,[ij(S60)LD 

^ 60 OT 51 a 60 ) 6 rrLj (infrared proximity sensors) uiu6OTu(St^gj<fipgj. 

^OOTfjlaefM^rBgjj eu^ii 60)6Dff,gj ©IgfjLulSesrrr pj60OT<95L©uu©^g 

ffaarrtijaeffig^erren: (motors) ^60)60OT&60)6rr ^|guui_|^lpgj . 


Black Line 




Turning 

Left 


SarTLi^aj: 


□ □□□□□ □□□□□□□□□□ □□□□□□ □□□□□□ □□□□□□ : 

1. (Lp£>6UII6UgjJ, @[J60OT(Sl S60OT(jl<S(65<S@m (oM@ ©£5fjlu_l65l6060)6U. SfttT® 
60)LDu_i£)£f)l6u S6rr6rrgj, @ij60or(Sl ^60or(jl5E.(6rr,ii) £F>60)[j6oiu5) umj55.£l6orn)6or 6T6or(oJD 
@^n)(g)Lj ©urT^err. ^5 b(d6d @[j60or(Sl 65l60)5=5E.(6rr,ii) (Lp6orS6orn:5E.(£l5= arbjjLD, 
^,a(o6II 6U600rp (Lp6OT(S6OT(TSEM^l<g= ©5=6Ug)Jli). 

2. @[J60OTI_rr6Dgjj, @LgJ U5E.5E.li) 2.6TT6TT S60OTlJl LDLfJlLD S5E.[TL_60)I_LJ UfTCJ(S(®6OTpgJ. 
(Sarrfjl @i_gj u5E.5E.ii ^l(j5Lbi_i<®pgj 6T66rrru @£F>6or ©un^err. <S^5E.(£6ii @i_gj 
uaaii) S6rr6rr 65160)5= ul66rS6orn:<i.<£l(i St/bpjii) 6U6ugj Uci.5E.ii) 2.6TT6TT 65160)5= 
(Lp6or(S6or[T(S(fi(g= suppii). @5}6or65l60)6rr6ijrT5E, 6D60orp @i_gj u5E.5E.ii) ^(n,ii)Liii). 

3. ^i_p6orpn:6ugj, 6U6ugj u5E.5E.ii) ^6TT6rr s60orfjl ldl_(51ld S5e.[tl_60)[_lj ucrija(®6orpgj. 
(Earrfjl 6U6ugj u5E.5E.ii) ^(n^iiqcfipip 6T6orpj @ff»6or ©urr^err. ^, 55(0611 6U6ugj 
u5E.5E.ii) 2.6TT6rr 65160)5= ul6or(£66rn:5E.c£l5= Stprpii) @i_gj uaaLD 2.6TT6rr 65160)5= 
(Lp6or(S6orn:5E.(fi5= suppii). @ff>6or65l60)6rr6urr5E> 6D60orp 6ii6ugj u5E.5E.ii) ^l^LDpii). 

4. prr6or5E.n:6i)gj, @[j60or(Jl s60oriJl5E.(6i55E.(g)Lb (o5E.n:(Sl ©^(jl^eorpgjj. S5E.rrL_p.6or 
(Lpp65l6u @puaS5E. S5E.rr(Sl Sumip^rB^rrii, (o5E.rrL_p6or (Lpp6i|5E.(g) 6iipgj 65lL_Si_rrii) 


6T6(jru(o£F) QurT^OT. ^,<95^611 @[J60OT(Sl efileOffa^LD [§6OT^J6ijl(Slli), 

61l60OTlylL|Lb [§6OT^J6ijl(5lLb. 

□ □□□□ □□□□□□□ □□□□□□□□□□□ 

cbitud 6 i^^l[j6rfrl6u @[J6 oot(J1 gfiij seoOTfjlseoerr (distance sensors) <9i6uij 

Glufr(j5ff)^l6m:n:6u <^{60)£5 c9t61i60)[j <g>L_iy(Biu Qff&xsufF Q^iuLueumi). 


i?=k 

6f>L_i^Suj 



□ □□□□ □□□□□□ □□□□□□□□□□ □□□□□□ □□□□□□ □□□□□□: 

1 . (Lp£F)6urr6Dg}j, @g60OT(St gjrg seowiJlaieijLb 6£>(Srr <sn:L©<®6OTn)6OT. 

CTrb^gm @60)«mun:<s 6T6(yru(o£F) Qurr^err. <S4>a(o6ii 

6U600Tiy.60)Lu (ErBrrrrs (Lp6sr (Bn,rr<s<£l 6 £>i_(Ef Q^iuSeumi). 

2. @[j60OTi_rT6iig>j, (Lp6OT uaaii) s60ot(jI girgff>60)ff)(S 

<Sx6Urr @LgJ uaaii) ^(n ? LDI_l<£lpg 1 j 6T6OTJTU ^,a(o6II 6U6amy60)LU ©Lgjj 

uaaii) ^l^LDUff QsujSeiinib. 

3. ^i_p6OTpn:6ugj, (Lp6OT uaaLD s60OTfjl (g)60)p^ff> gfirranUjt.fipgjj. 

<9i6Iirj 6U6UgJ uaaii) ^l(J5LDI_l(fipgJ 6T6OTfl}J ^t,a(E6II 6U60OTly60)LU 6U6UgJ 

uaaii) ^I^ldus 1 Qs^uSeiimi). 

□ □□□□□ 3-DX □□□□□□□□ □□□□□ □□□□□□□ □□□□□□□□□□□ 
CTm^l[T6OT ffim6OT6n6ijli_6u (Robot Benchmark) 6i6grm j&lrRas j§)@) 60 OTuj 

aserras^ilgu [BfiLD ©^pig, (Lp^60)ff>uj uiL3p<^<s60)6ri£F QffiuffdjleOTeOTrj @60)S)£F Qffiueugj 
[B6OTFU. 60)6OT <9r6U60)[J 6£>L_ly(oUJ (o61l(SLDn:(S61[Lb gJ6U6GllULD[r(956IlLb Qffgy^gjjLD [£l[jeU 

&T(LggJ6I)Sff) {g)rb£F> <9=6Un:6U. 













uujffifij 3 -DX 6T^^lij6ro6cr a6U6ro[j igiLi^Siu ©ffgya^gjjiBeu 

6rrb£gl[j6or ffieuiJleGl^^gj 50 Qffii) s^rij^gleu §pa $6ii60OT(5lLb. 6£>(n, (bIldIl 

(o[B[J^f>l6U (5n_ly.LU <^[611611 g^gii ©5=60611(0^ @£F>60T (g,jSlSE.(o<35.1T6TT. 60)U£F>n:60T 

[gl[j6un:<s<s GlLD[rL^l 60 )Luu uuj6oru(Sk5££l Qffuj6U££lJD60)65r (oLDLDuC^^gjeiigj 6ruuiy? 

CT^^l[J6OT (Lpff)6Gl6U ffi6U([5<S@ Qs^peOLlU <#lp^ U[r60)£F>60)lU<S 

(S60OT(S(fi(5lLb. @L£>60)£5 Qs^peOLfBa) Ljl60I60TCJ a61l60)[jQlLin:L_ly(ollJ 50 Qffl5 

§fT[jff,^l6u cb<s0ld. (gi6uij Sungj <^{60)£5 6£>L_iy(Suj ^l^LbufiLDa) 6irB6|!lrr6or 

@n}js@ 6 ul^1lu16u <9i6u(jl6or ^HGJlgjgj u(g,£§l<s(g,<EF Q<9=6(jrp 6iilL_i_n:6u ^£5fb(g)S3 £F>60ori_LD 
26001(51 ■ 

@£F,6or ^|iyuu 60 )i_(S «g&L_(5lLJu(Sk££Sl ua(S6iin:L_iyg)j6rr6rr @ij6oor(5l (S<g=rT6OTiTrj (sonar) 

2600T(jl(S60)6rr LDL_(SKoLD UlU6OTU(Slff)gJ(fipgJ. @60)611 2 MeQl1T6 < uI ^_p6ULD (o6D60)6U 
QffiUc^leorpeor. ffi6ug c£Il_i_£)£F)L_i_ (EfBorrs 6U60)ij ldl_(S1(dld @gj ^(Lgtijarra 

QsujeuuGJUi. <9rJj60)LDu_in:60T ^(^uu[ij(S6C)6n:<95 60)<snjrr6rr6ii£gl6u @gj iSlaeiiLD 
(oLDrrffLDrreorgj. @60)65 (oLD[iu(5lsj5j rf>[£j«956rr (Lp6or ua<sS)£glg)j6rr6rr 260or(rlaB60)6mL[i5 
uiu 6 oru( 5 k 50 j (LpLup^laaeumi). 

□□□□□□□□□□□□□□□□□□ 

1. Line Follower Robot Using Arduino By Aarav G 

2. NT. Kanpur - roboconl6 - Wall Following 

3. RobotBenchmark-Wall Following 

@ff>Q£F>m_(jl6u ^|(B^ <g5L_(Jl60)g: 6D60)rrui_LD ^Lumfl^gj ^6OT6^i_n^@jSlff>£56u 

(Simultaneous Localization And Mapping - SLAM) 







GirB(5\cCT,<g=(T6W6ULLjl&u &j6^i£(oiuiTL_(Sl5j6u (Highway Driving). ^LtijariL©^ 
(oan( 5 l(S 60 ) 6 n [glLppuLa a^gSlLurreu 



Robotics 13 


(Simultaneous Localization And 
Mapping - SLAM) 

@Ln^(g)jS 1 ^ 56 u (localization) ei6OTugj 6^0 tEa^ii 

^jLp60)6ULL(LX) ^|ff>p(g)6Tr £F>rr6<jr ^|60)LD^gj6rr6rr @L^60)£5iLiLb a60OTi_j§liHLb Qffiueunxpeop 
<S^(g)LD. ^6OT6tfrllLI<S<S (o£F>60)6UlLin:6OT: l 51 (S <3-|lyUU60)L_ ^lp6OTa6ffl6U 

@i_tij(g)jSlff,ff,6u @>6OTpn:(g)Lb. 6T6OT6OT Qg,Lpd)l6u 6rrB£F) ©(n^cfiSpriLb 6img u 

G^fti5^n:6U£5n:6OT @6ua60)<s SrBrra.® studies 1 Qffeueugj 6T6<jrp ^IlllBIl (Lpiyu_|Lb. 

60)6Dff>gjff,ff,n:6OT <^|(Sl £)£5 QffLueuaeoerru upiSliu (Lpiy 6 i|a 6 rr CTfJtaa (Lpiyinii). 

CT^^l[J«frluJ6Bl6U 6D60OTly60)LU CTUUly 6T6OTHJJ Umja(£F)Lb SufTgJ, 

(oLDn)(S60OTI_6Un:jJ 6U60)[JUI_LD ^ 6 OT 6 tfRl_nL@J§lff>£F> 6 U 616(jrugj @>([5 (Lp 6 OTul 6 OT 

Q^iJliLirrff, ^,Lpd)l6(jr 6ii60)gui_ff>60)£5(S <95 li_60)lds3£56u Akg>LD- (Lp6OT6OT:n:6u umjs3£F> 
^g,Lp60)6uu qs^uuluu^pgii) @60)ff>(Euj uiu6OTu©^^6un:Lb. £$j6i[ an:60OT U6U 

djl60)6sr<EF<9 : [j[£j < 956rr ^eurraauuLfJlerrerreOT. @6upiSl6u #l6u £§lpr5£5 ^Lp6u 
Qm^Quo^ermaeiiLb <fi60)i_<s<£l6OTn)6OT. (Bmpa^liliu f5rr(Sl(956ffl6u u[j6U6urr<gE> 
6 Stn)U 60 ) 6 m:ujn:@Lb sD-SijrrSurr (iRobot) [§/pj6U6OT^£l6OT ^ibun: (Roomba) (Sun:6OTn) 

g2JLJL|[J61[ 6TrB£|il[J6OT(956fr (o6U60)6U OfflLULlLD ^|60)pLul6OT 61l60)gUI_g)60)£5g) ^ILirTfjlaS 
©LDLDfr^liJl 6iil6G^6OT: < g=cg=[jrSJSE>6G^6TT(Suj ULU6OTU(5tff)gJ(fi6(jrp6OT. 



£F>l_[BlffirTL_(5lli l_16Tr6ffl<Sffi5)6TT J0Lpn)UI_® <S06ljllJJ[TeO ®ffi5OT@ljll^S3S360 

□ □□□□□□□□□□□□□ □□□□□□□□□□□□□□□ (Highway Driving) 
6 ifc<£l[T 6 OT ffim 6 OT 6 rr 6 jjli_ 6 u (Robot Benchmark) 6 i 6 grm SrRas j§)@)60OTuj 

[BfiLD (Lp^60)ff>uj uiulp<^<s60)6rr£F Q(9HLj£5ijl6(yr6Mj @60)£5£F Qffiueiigj 

[B6OTFU . 6G16OTS5.6OT M KZ CT6OTUgJ cPoSunTJL [£Lp6U6OT:Lb ^LUrr^a^LD c^rBgjj ■ (06UJJ 6 TrB£F> 
6ii60(jny(S6rr ^|6U6ugj ©urr^LaefrleOT i_5gjLD (oLorr^rriDgu [§L6li_ff,^ln)(g)6Tr 
^3l6OT(S6(jr MKZ (Lpiy^ff)6U60)[J glTlJli) @rB£5u 

UUjln)#lLLjl6OT @6U(S<Stt@li). 










OjBtSliQiffrTeroeuijjleu ^rTafrliuaaLDrTa 6ii60OTi£Gu_irTL_(Sls36u 


6U60TOy (95L_(5lUU(5\ff)^l60)lLI LD^luU© QffLULU UlU6OTU(1^^UU©li) ^lp6OT6TT6Il <g>(U, 

c£Il51i_ld <g=n:6?y?6i3LLjleu ulu60otld Qffiuff) a^[jii)5)U6or. 

Lopn) 6ii60oriy560)6u <^|6U6ugj t§l60)6uu_iu6or ©lju(U,l_560)6u ibld 6U60oriy Gl5>UL_i_ug)jLb 
<^|6U6ugj pm i <^6U5(J5U6 ulj uu60)5)iijl6u Q56orn)ug)jLb, uu6D60)6oriuu5(5,5)6u 2 .i_6ot 
f&fiU0^UU(SUi- 6jrD560r(o61l UlLI60tflls^5 Qff)U60)6U6Il U^l6I[ QfflULUUU©!!). 

60)U5)U6or [£1[J6UU55 Qldul^160)lulj ulu6otu© 5>££1 Q5iu6U££l[D60)6or (ELDLDufJl^gjeugj 

CTLJUly? ^|6U*[J(956fr ©5U(Sl£)§jJ6U6U <11%.LJU60)I_5 (SLfJlUUfJl^^l [BLD 6U600riy60)lU 
StBijuaff GlcUg^j^gjii). (Eld^jld mpUpu^ 6uu56orLD (Lp6or6oru6u 6iiiB5>u6u uugjj5uuuu6or 
gnij5,60)5, 60)65^^(J5UU5>JT)5U5 5)60T $6555)60)5,5 (5)60)ID5(5)Lb. 

(o61l55>60)5, (ff)6U)pUU&,rr)(ff)U U£gl6UU5, U5561IUL_ly6£J6Tr6U gJTlJ 2>600lfrl560)6ULJ 
UlU60TU(Slff)^l <^(j)l5>5> 5>L5>5iJ5(5) LDUpiSl (Lp60T60TUg)J6rr6U 6U600Uy60)LUff) 5,U600riyLJ 
(2uU5 (LpiyLLjlDU 6T60TUU Limj556UULb. <S4>60TU6U @l_gj U555,6£l6£J6rr6U 5,l_5,£gl6U5)U60r 
(Lp60r60rUg^J6U6U 6D600Uy60)LUff) 5>U600riyLJ (SlJU5 (LpiyU_|Lb. 

5,l_[£j5UL_(SlLb (o5U(Jl560)6U [glLpn)UI_(5 5(U,6fillLIU6b 560OT(Slully5,5)6U 

#lj§lgj (orBlJLD 5l|)l5>5}j 5U60)6U 6D60)6ULU ^[JLbul<5(g)Lb. <S^5(o61l [£[£j56rr 5U60)6l)lLjl60T 
6D60)6U60)6DLLlLb 5600T5(£l6U 6T©5>5}J5Q5U6rr6U (o6U600r(Jlli). ^|61J6UU^J UffLULU 6£>(U> 
6T6fflLU 6UL£1 gfTlJ 2600r(jl560)6U 60)6Dff>gJ 6U6UgJ LDp^JLD @l_gj (-[ID 5U60)6l)(olLIU[J5) 
5,60)l_(56ffl60r gifTtJLD Q^ftl5£^Q5U6n65|^U60r. 5,l_[£j5UL_(5lLb (o5U(Jl560)6U [glLppULa 
5(U>6iillUU6U 560OT©LjllyUU5}j @60)5>6Lill_ [£1(561110 #ln)LJUU60r 6U^llUU5 @(J55(5)LD. 

§JTg 2600rfjl56U LDL_(SlLD6U6UULD6U ul60T ffftftlj ^|5556ffl60T 60)LDUJ5)^l6U 6£>(U, 
l_16ljl[£l60)6U5UL_lylLlLb (GPS), LDp^JLD (Lp60ri_lfDLD ©UU(U,L_560)6U <^60)l_UJU6ULb 









& 60 OT( 5 lQatt 6 rr 6 n(S <g^iyiu geoauLiLa a^djliLiLD Glurr^^^uuLfJlerrerreOT:. 
S^ 60 ) 6 ua(San)u @ 6 iip 60 )pu_|Lb uio 6 OTU© 006 uiiLb. 

□□□□□□□□□□□□□□□□□□ 

1. Researchgate.net - uploaded by Udo Frese 

2. RobotBenchmark- Highway Driving 

@^Qff>n:i_(jl6u aujlfsog: CT^^lrr6rffliLi6b djlrfil<956rr (Laws of Robotics) 

i_D6?ffl^) ^(n,6u (Humanoid) djlfSorrsLirra cbl s^,6b. CTuuiy @rB £5 CT^^lrr6rfrl6OT 

(S6iias360)£5 ^[^laiJlLJugj? 





Robotics 14. 


(Laws of Robotics) 

gjffrra ^flSLomaj (Isaac Asimov) 6 T 6 <jru 6 uij u(T6tui_6ot u<^<s60)6ua<si^(S^^6u siul(jl 
(E 6 d^Ilu 1 lu 6 u (Biochemistry) Sutjn^lffliuij ldp^jld &T(j_g^>^>rr 6 rrrj. ^[j§l 6 Sliu 6 u a z mjn D {?) 
a([ 5 ff,gj<g 56 rr, (EarrLunfJlaerr, i_i#jliLi aeoOTfJluliyLjqaerr ^<&uj 6 iin) 6 a)nu uuldij 
LDaa^LD i_|5l^gja Q(Sn:6rr(6irF)ii)uiy CTeftl^rra &T(Lg^lu ulgu6ULDn:6OT6u*[j. ^|j§l6i]lLU6u 
L460)6OT(S60)ff,(S6ffl6U (Lp6OT(o6OTrTl£. ©<5<S[I[J60OT[BJa6IT[T6b Q<9=6ij61in:iU 6£>(tf, 

6^jL^)cg=c^l (impact crater) @6iiij QuiuSg @i_uuL_(5l6rr6rrgj. 








gwrr® <^{#lSLDrT6ii 6i\Lgd£luj 6rrB^lrr6OT Os5[T6ro6uSrB[r<i.® 

6T^^l[J«frlujg^(S(S[r6OT: (H_p60rpj 6Sl^l(S60)6rr @61I*[J 1942 @61) 6£>(p, ^pU<S60)^LLjl6U 
^j§(^s5uu©^^6ormj. @gjj 1950 @6U ©6U6fflLuli_LJUL_i_ “6rrbrf!l[j6or[T(£liu rBrr6OT” (I, 
Robot) Q^n^uulgyib (EspaauuLLgjj. 

1. (Lp£F>6u LD^frl^ija^aig)^ a^Lrrgj Lop/pii) 

Loerfil^ija^aig)^ 6§£j(g) (Ep[j<s<9rLp.iu (SrBtj^^leu Qffiueupp [§60)6 ulij16u 

<5t2_i _rrgii. 

2. @[J600ri_[T61lgjj 6Sl^l - ^>(5 CT^^llJ6OT LD6rffl^>rr<g56ffl6OT: <SLI_60)6rr(S(OT>(S(g)<S 
^UUlyLU (E611600T(pill), ^|61l6II[r^J (^l^LJUly6IlgJ (Lpff»6U 6ijl^l(S@ (Lp[J60OT[T(S 
@(S^rr©6urrL|)liLi. 

3. ^Lp6OTp[T6IlgJ 6iil^l - 6f>(n, 6T^^l[J6OT £F)60r60)60rU U[TgJ(Sn:ff)gJ(SO(S[r6Tr6rr $6116007(5111), 
^|ff)ff)60)(SLu urrgjarruLi (Lp^6u ^|6U6ugj @[j60ori_rTLb 65l^l<S(6rF,i_6or (Lp[j6c5rui_n:^, 
61I60)(J. 

^4©£)gjJ 6U^ff) L46W6OT:<g560^,<g56ffl6U (Lp(Lg (S<35»(T6TrSE.6iT LDppULD LD^S) @60T[£j(S6frl60r 
^[[jffrrtija^^lpig) 6 rp^l[j 6 OT(S 6 rr OurrpjuSupugj (Eurra) 6iir5£F) ul60T6onj ^{(pla^ 
^|j§l6SllLI6U I_46W6OT:<3560^^,LLjI&0 , ^#KEl_DrT6il p[T6OT(S[r6IlgJ 6fil^l60)LU S([F,61in:<S<£l <^60)65 
aL^liuLD eSl^lLurra mpp 6iil^<S(^<s61(S^6urrLb (Lp6orurr<s£F (Eapa^rrij. 

0. 6£>(n, 6ip^l[j6OT Loerfflff) ©eor^ipaig^ ^tij^eoLpaaa <gr2_i_n:gj, mp/pii) LD6?ffl^) 
©eor^gjjatg,^ ^tij@ (Ef5[j<s<9r2_p.iu (Epija^eu Qsiueupp tgl60)6ULul6u 

<9r;_l— Ugil . 

(Lpacfiuja @jSIul|: (EmpaeoorL 6ijl^l(S6rr ^|jS16S1lu6u [f^iun:® ^peiirraaijULLeo^ 

^|6U6U. @60)611 I_160)60T(E660)£F) 6T(J_g^>^)lT6mj(TeU S([56II[T(S(SLJUL_I_60)6II. 

6Tp^l[J60r(S6Tr @U_I6ULjI(E6U(EuJ @pff) 6Sld£l(Lp60)p<S60)6rrLJ Ljl60ruppiJ611^16U60)6U. 



6 T^^l[j 6 OT(S 60 ) 6 rr 2 (j 56 DU«S(g,ii) i_D6?ffl^)rr<356rr^,n:6OT: iglija) CT(LggjLD (Surrgjj @6iip«M) 
i_D6m:^l6u GlarreoOT© CT(Lg>^ (o6U60OT(SlLb. <g=^60^^)LLjl6u ^p(Sun:gj6Tr6rr gjui_ig6ii 
&r^^l[j6OT(S6rr (Eun:6OTp60)6ii LD«ffl^i7<S(65<S(g,^) fg[5J@ 6fil60)6rr6ijl(S(fiSpn:Lb ct6otu 6^^, 
^jfjliHii) ^lp 6 OTn)p 60 ) 6 D. eijlu^gjaaeoerrff) (LpL_(S\ff) ff>rr[ij(fl(S6Tr (bumpers), 

i CT(Lguul(S6rr (warning beepers), ungjarruLia <9v2_60OT(S\(S6rr 
(safety cages) ^|6U6ugj <sl©uu(1^£F)Ljul_i_ ^ggiiaeu u@^l<g56rr (restricted 
access zones) (Sufresrp U6U ungjarruLi <^|60)LDui_i<g56rr s 60 OT(Jt. ^pSurrgj 

^lUttft(£(£UU(StLb <^|^l[B6iJ6OT CTr5^[J6OT<956rrrr6U<9T2_l_ (oLDn)(S60OTI_ CT^^l[J«ffluJ6U 
6iil^l(S60)6n:Lj L|fjlr5gij Q<srr6rr6rr6i[Lb n 36 OTi_(^ 6 OTpuu( 1 ^^ 6 i[ii) @LU6urrgj. 

□ □□□ □□□□ □□□□□□□□ (Humanoid) □□□□□□□ □□□□□□□ 
6irR<£lrT6OT ffim6OT6n6iilL6u (Robot Benchmark) CT6grm J§)rR<9s J§)6Q)6 ootuj 

awig^eu pmi (Lp^60)ff>Lu uiulp<^<s60)6n:£F Qc9hu£5ij16OT6mj @60)£F)£F Qffiueugj 

n-)60T rn i. 

fBfTLD (Lp£F>6U <SL_(St60)[JUjl6U UfnjS)£F) ULLD ^6uGl|_U[r[J[T6<jT NAO CT6OTa) 2(tf,6D 

6 Trb£f)l[J6OT. @[BJ(£F) <9=6Dn:6U CT6OT6OT:Q6II6OTJDn:6U @rB£F> 6TrB£gl[J60)6OT 10 l6l_uj giriJLD 

(Lpiy^ff>6D60)[JlLjl6U 6fil60)[J6Un:<S [BLcScS 60)61I(S<S [§[J6U 6T(Lgff) (o6U60OT(Slli). 



6\fh^6m 6iilffi5)[j6ii[ra 


urreDeoeOTLurraaLb Q£F>rr[_[£j<£liu6i[i_6tfr siyarnjLD . ct^^I[J6ot 

[gl(Lp6sr aLa^LD (Eungj, 6£>(n, ^60OTfjl sirB^Jlgm 
(Lp6OT6^fl([5LJU60)ff,(S a60OT(J\ljllyff,gJ (SlyattlJS^fF) [gl^J^gJLD. <95L_l_ff>#il6U 





[gl/ru^gj <si£<su[j&)££l6u <srrL_i_LJu(5lii) SfBtjm ©s=uj6b£§n)6or 6T6or u£§6i| 

Q < g = lULULJU(S\(fipgJ. 6Trb£§[J60r ^(oLp dHtypgjj 6§L_l_n:6b ^|6U6UgJ ff)6Dl^^gJ ©5=6060 

(LpLU6OTJDrr60 30 6Sl6ormy(956rr £F>60on_Lb (S<g=rj(£(£LJu(SlLb. ©|ff) 6 OT 2.i_6v5l63r 

[§60)60 60)LDUJli) 20 ©c9=.li). 6 §L_ ^(oLp ©S=60rn)n:60 ©|ff>£F)60)<SLU [§60)60 ©|60)l_^ff)gJ 6T60T£U 
(Lpiy 6 I[ ©S=lUlUUU(§Lb. 

□□□□□□ □□□□ □□□□□□□□□□ □□□□□□□ □□□□□□□□□□□? 

[§£j<956rr @rb£F> 6 T^^l[j 60 ) 6 ora aLfJluufJlffjgjLD 60 )uff>£ 5 n: 6 or [§[j 60 ) 60 u urrij^^rreo, 

‘forward.motion’ 6i6orn) (Earruul^jerrerr @u_i(S<sff> 60 )S 3 ^)L_(§(fipgj 6i6orugj ©^fjlii_|Lb. 

@r5£F> ©ujaaLD 1360 L5l6U6§l efilrBrriyaerr (l 616§) rfiya^ii). @60)5) @[j60or(§ 
□(gjiglaerrrraLj ulfjlaseoriLb: (Lp £560 u@^l 360 L§ 6 ijl rf 6 rrLDn: 6 orgj OpLft® 
[§ 60 ) 60 Lul§)l([ 5 ^gj 6 i^^lg 60 ) 6 or [ 5 i_<s<stf) ©£F>m_r£j(g)Lb (oS^rrjrjJD ©| 60 )i_D 6 i[(S(g)<s (posture) 
©(Srreoor© 6 IK 5 LD. @[j60on_n:6Dgj 1000 L5l6fil, ©|ff>n: 6 Dgj 6£>(5 6 Sl 6 ormy, [fiya^LD 
ij 60 )i_ 5iLpn)#l (walk cycle) ©§g)LD. @605) Lfi6oor(§ii) i_56oor(SlLb GIshuilild (Eungj 
6rrb£§[j6or rBusgjj ©<srr 60 or(oi_ 

[ 56 OL (E6Daff,60)ff) (oLDgyii) [§£j(S6rr (Lpiup#l ©ffiuLueomi). 

©luaaaSarruLjleb rB60)L_ SrLprb-fl uiu6oru(§ff,ff,LJu(§Lb arrebaefrleor 

@>6ii©6un:([5 [§60)6oa@LDn:6or (y)L_(§ ©leoLDuqaerr ((S[jiyiu6or(S6ffi6b) 26rr6rr6or. @r5£F><s 
(SarrLjeou 6§uij ^t,ul6ro ©| 6060 gj 6Ta©<g=6b (Surr6orp 6£>(n, 6 §(jls 3 n: 6 frl 6 b 
LDrrpjDtijaerr ©<g=iLigj ii)60or(§Lb (EffiSlaaeomi). 

□□□□□□□□□□□□□□□□□□ 

1. Isaac Asimov - Robot Visions - Wikipedia 

2. RobotBenchmark- Humanoid Sprint 

@ff)©£F>n:i_(jl6b ©|(§S3£5 S5L_(§60)[j: 6irB£§[J601j(S(g) [§[J60 6T(LggJLD 6D60)(S(S6rr 

6U60)[J(S60)60 [§[J60 @LUpi§(S 6 n:. 6T6ffl^>n:<35.SE.LJUL[_ 260)[J [§[J60tt(S<95Lb. @60)l_[§60)60 [§[J60 
@uj^)j§(S 6 rr. (Lp(Lg60)LDiun:6or c§rj 6 orr<gE>eE. ©LonL^laerr. i_D 6 tfrl£F) 2(5611 6 rr 5 £§[j 6 or 

(humanoid) ©5(§rb©<£rr60)60 5i_^6o (marathon). 





Robotics 15 


□□□□□□□□□□□□□□□□□□□□ 

[§[J6U 6T60Tptt6U 6T60T60T? S : [T60rp[T.95, @60T60T c£l60)l_ff>£F>n:6U @60T60T 

(SeueoeueoujcEF Qffiu 6T6orp fBuii [glijeunaa ©LDttjJ)liijl6u 6i(i^£56un:Lb. 

55iy6m:LDn:6m:gj. @£5fb(g)Lj u^leurra ffUDl^eo^aig, 6£>(n, uL^Lpii) 
(o61l60)6U<95(g) LDpQprr^ UI_£)60)£F>lLlLb ^(U^gjJLJ (oUttL© ^|6Up60)pS} (o£F>60)6UlLin:60rUp. 
@60)60OT(S(S @iu6pQii)60Tpn:6U #lgLJ6iiij556rrn:6U Q^llilu (Lpiyinii). ©LDLDfr^liJl 

@(i^ff,gjLj(Eun:(5l6Dff)n:6u @ii)(Lp 6 C)p 60 )iLi drag-and-drop [glrreurraaLD 6T6orpLD 
©ffneueueumi). ^l60)[j4(g)Lj ul6or6orn:6u ui_[£jc956rr Lop/pii) @60)60OTUL4<s6frl6l3l(j5pgj 

(off>60)6uujn:6OT S60)[ja60)6rrff> £5rr(o6or ©lop/Sla Qan:6rr(6irF)Lb. <S4,njj 6iiiugj mp/pii) 
^|£5P(g) (SLDpuLL #lpj6uija(6i5(S(g)(S csppjaQarrerrerr &T6frlff)n:6OTgj . 6TLbgpp. (MIT) 
^p6iin:a^lLu 6rb^lnTrL_g (Scratch) 6i6orm Qumj)! ^,it6ot urreueurraff, . 

@ 60 £)U(Sun: 6 u ©6u(£<95rr (Lego) [glpj6U6orLb y,6rbi_ (Boost) mp/pii 60)LD60OTL_6roi_n:ijLb6n3 
(Mindstorms) &r^^lrj6OTSE>(6rF ) eE.cS, @(o£ 5 (£un: 6 orp 6U60)[j<9560)6u tglrr6u Cli_Dn:L^l 60 )uj 
Q6U6fflLLjlL_(5l6rr6n:n:ij(g56rr. 60)£F>L6lu_irr 2 (Surr6orp mpp #l6u CTp^rr6OT<S(65<S(g>Lb 

©LDLDriiglijl 61)60)[J<9560)613 [§[J6Un:(95(95 QlD[IL^ 1 S600T(Jt. 





J0IJ6U Jgjlujibjfil 


□ □□□□□□□□□□□DO □□□ □□□□□□□□□□ 

12 6DUJgJ LDp^JLD n)@ (oLDpULL #l^J6Ilij(S6Tr S60)[J [§l[J6Un:<S<95Lb Q(9UJlU(^lylL|Lb. 
^,6m:n:6u g>rr6iin:, 6 ^u^,it 6 ot (Surr6OTp (Lp(Lg 60 )LDiun: 6 m: igltjeurrsa Gli_DrrLpl<g56ffl6u U6U 
#l<S(S6un:6OT ©(^uu^rnsu l51se»614ld aiyesTLorra 

^LbiDfr^liJl <fls5(S6un:6OT: 6fil6u<s<£l CTeffls^rraauuLL cglijeu Gli_DrrjJ)l<s60)6rr 

Q6ii6fflijjlL_(S\6rr6rrn:fj<g56rr. ffnesrpna, 60 )£F>L 6 liurr 2 CT^^lijguaig) ^[(Bffurr (Aseba) 
6T6<5TJD CTefrls^rraauuLL S 60 )ij c£ltj6u ©LDn:L^l 60 )iLi Gl6ii6fflujlL_(Sl6rr6rrn:ij<g56rr. 

□ □□□□□□□□□□□ □□□□□□□□□ 

<9r^(g)6fr c£lgu6U6GiLb ulerrrraeGl (Blockly) 6T6srn) j£1[J6u Qld[tl^160)ili S(j 56 iin:(S(fiiLi 6 rr 6 n: 6 orij. 

ui_r4jsE>(6TF,<35(g)Lj u^ans s60xj£F Glffttpaar QarraxrrL aLeoLaar sararem:. 

#ljj6uija6rr aL_ 60 )i_(S 60 ) 6 rr @(Lgff»gju (EufTLfJlff) (drag-and-drop) 

(off)60)6UUJn:6OTUly @60)60OT(S(S6Un:Lb. ©gjj 6U60)[J(S60)6U [§[J6U @LUpjSl(S(6irF,(S(g)Lb S60)[J 















[gl[J6U CT(LggJ6Dff)P(g)Lb ©60)l_[gl6a)6UlLI[TaLJ ULU6OTU(5l(fipgJ. |§lgjj 9 6DU_l£F>j mppjLD 
(oLDpuLL #lpj6iiij(S(6i5(S@(S ap/paGtarrerrerr &T6frlff,n:6OT:gj. 



@60)I_[§60)6U [§l[J6U ©lUp/Sl 

□□□□□□□□□ □□□□□□□□ □□□□□□□□ 

SLU*[J[£l60)6ULJ U6TT6ffl LDppjLD 5560^/1^ LD[r60OT6U*[J(g56rr (SpiJlyLUfia (Lp(LJD60)LDllJn:60r cgl[J6UrTSE.<95 

QLDrrL^laeoOTa apnjja Qan:6rr6ii(B£5 (Sldp<s60oti_ iglijeurraa eueoaaefrleu 

6 ^>[j 6 rr 6 i 4 uiulp#! ©(pp^neu LBlaeipb CT6ffl^>rr<gE> @6U6urr6ijlp.gULb 

L51a6I[Lb <E6p.60TLD6U6U. (Lp(U)60)LDUJn:60r [§l[J6Un:(S<95 GlLD(TL^l<gE>6ffl6U ^yDc95600ri_ l_mJ60rc956rr 
S6rr6rr 6or: 

• @6iipjSl6u 5=4^1 6urriLip65 c£l[j6u Q^rr^uLiaerr 2>6TT6iT6or. @6iip60)p 60)6iiff)gj 
snijaefr 6rp^l[j60)6OT ulijiSlas 60)6u4(g)Lb <^{fjluj (o6U60)6U(S60)6n:<EF Q^ililu 
60)61) (S(S6U[TLb. 

• £F>L61yDpn:(Sl Lop/pii) @p^luj ^|6rr6i]l6un:6or (SurrL_p.<956frl6u <s6upgj Qan:6rr6rr6un:Lb. 

• [£[£j<956rr 6 Lil 60 ) 6 rriun:L_i_n:(S appiJ<sQ<95tt60ori_n:6u up.u 60 )u (Lpp.ff,gj6ijlL_(5l 6TLbi_Drr£glfjl 
(S 6 U 60 ) 6 ua(g)£F Gl<g=6orpn:g^Lb @pff>u uiulp^l spjg^eooriurra ©(n^a^ii). 

□ □□□ □□□□ □□□□□□□□ (humanoid) □□□□□□□□□□□ □□□□□□□ 

(marathon) 
















CTrR^l[T6OT ffim6OT6rT6jjli_6u (Robot Benchmark) ct6otjti jSlrRgs 1§)60)6 ootuj 

<gs 6 rr<g=,<£l 60 5mi (LprB 60 )£ 5 iu uiulp-fls^errs 1 ©a=iu£5fll6OT6mir @ 60 )£ 5 <g= GWjeugj 

[B6OTgu. ^>(5 (Egrr(Eumy6fb OP 2 6T6otjd LD6tfrl&) 2(5611 6rrB£gl[j60)6OT: ©{536^ l516ot<356uld 
Ai>PP^u (Lp6OT6m:*D' <9v2-iyuJ ^|6rr6ii ©5©j£Gts3n:60)60 cel aa 60)6ua(g)Lb s^neo. 



6irB^liT6OT ©rB©fB©ff>rr6TO6u rBi— 


LD«fflS3 206U 


|§L£l60 (Lpa^llU ^lp6OT6TT6Il 6TrB£§l[J6(jr UUJ60OTLD QfflUff, g^[Jli)£5n;6OT. Qff,(56^a@ 

@60)60OTLU[r(S X- ^[<EF(fl6U 6T5^l[J«frl6OT ^[JLDU LDp^JLD [£160)604(5) 

@60)i_(BiLiiLin:6or gjigii. 6T5^1 ij6ot <^(SLp 6iilL_i_n:6u ^|6U6ugj ^eiiypgj ©5=6060 

(j_pnj6OTprr60 ^|6rr6f(Jl ^Leoriyiurra (Lpiy^gjeSlfJlLD. 

ROBOT IS OP2 6T6otjd ©uLuij ©55rr60on_ @5 ^ 6T5^1ij6ot [ 5i_4(g)Lb urT6otfrl (oLD6orr6rrij 
(RobotisOp2GaitManager) 6i6orn) 60)u53n:6or [£l[j 60 ) 6 ou uuj6OTu©sjgiJ<£ln)giJ ■ 

@553 56OL (oLD6orr6rrfjl6or ©|6rr6i[(5(g5(S60)6rr rf>[£j556rr (o^eoeuaSaibu 
^6?fituuiiJ60T[T4556omi). @5360: ^_p60LD <fln)r5£F> ©5=LU6b£gln)60)60T 2<^65n:4(5)6ii5)rb55n:60T 
6£>(5 ©j60)LDLJL| (S60OT(5lLjllyLJUgJ STCgrfillLlCoLD. 

□□□□□□□□□□□□□□□□□□ 

1. Scratch - block-based visual programming language by MIT Media 

Labs 

2. Blocklv - block-based visual programming language by Google 

3. RobotBenchmark- Humanoid Marathon 










@^©^ttL(jl 6 u ^©£>£5 aL_(Jl60)[j: umjajejju ul6OTQs5m_ijff)6u (Visual Tracking) 

&<J5 @^uuLDn:6m: (g,Lp6Gl6u {bs^ld Glurr^eoeriS) ©£5m_ijn3§j e56^e5rr6otfrl&)£56b. 
06Iipj51 6fi[&l8 D 8 D 6®8 D (SLDLDU(Slff)gJ6IlgJ CTLJUly? 



Robotics 16. 


(Visual 


Tracking) 

@0553 @60)600rLJIjl4) @([136Urr 4^60rL_mHU(hl 41m60r(ou4lLLjl60T l_|60)53UUI_4 a5(g)6jjl60)UJ 

60>6Ucgsgsi @(ff» Clurr(g>6g)6rr ©j60)i_u_in:6rrLb 5360OT(hl 4H6P)53 lj uleorG^riLrrg^ 41 l-l460)53 

Gl5=iLi6uu(hl44l 6iil6iirT[ija56rr Clauthlesgierrerriirr @6053 @iu4(g)Lb n^60OT55L(Jluu©4>4il 
<^ij(5liLjl(o6orn:. ©|ij(5ULjl(B6orrT LDpnjjii) ^lp6<jr (Su#l60)iu4) £f>6ljI[j Lonp urT55[£j556rr 6urn5J55 
©5=60611 <KLDmj ^UfTLLJ 5000 6T6OT<^l6OTn01Trj. @13553 ©5=lU^Ul LJ(6IT,(j)5) 2«TI_60)6U eUL^llUfTaa 
55rTGl6C0T(T6ffl60^lLISE> 5560^6^14(5) ©lg)JULl<fip§J ■ @^5<4 55[T©600rn:6fflLljldjl(5^5J 
[Bld4(54) <S560 )6uiun:6or ^([ 56115360)53 cbctud ©|60)i_iun:6rrLb 55tt60or (E6U60or(5lLb. @ 5^(5 
6£>uu6or 4l6i]l (OpenCV) 6T6 oud (H_p6u ©m 6 OT©urr([ 560 ) 6 rrLj 

uiu6OTu(5l4)5j4l(Bpn:Lb. 



^1/ti6ot(Su<^\llj16ot: [0y)6uui_<s <50621 (Lp6uii utrir^gju Ol6OTO^tri_ir^6u 


<SH,6OTL_rriTlij© 






“®60OTatt6otf[l<s@Lb GlurT(ff,6?r CT[£jQ(956U6un:Lb Qffeu^pS^rr ^r£jGt(S6U6un:Lb 
[glLp6UUI_(g5(S([56ijl ^l^Lbulu Utr*Iftflb (o6U60OT(S\Lb CT6OTU|£j 6T6OT60U60)I_LU (Lptf)6U 
(gifjlsSarrerr. 6£>(ff, tBrnu ^>(Jl6Dgj (EufT6u <s60OT<stt6otffl<s@LD Glutting 

Su[T(g)L61l_GlLD6U6Un:Lb 6T6OT CT^^llJ6OT ul6<jr6OT:n:6U 6£>L_ (o6D60(jr(SlLb CT6OTUgJ 6T6OT60)J60)I_UJ 
@[j60OTi_rrLD (g/SlaSarrOT. &T^^l[j6rffl6OT S360)6uiul6£j6rr6rr ^Lp6uui_«95<95(ff,6ijl 
^l(ff,Lbu(S<gT2_iyiLi <^|60)LDuul6b Glurr^^^LJULC^gfrerrgj. <S4>(£(o6ii @s36OTxr6u @i_(LpLD, 
6U6U(LpLD, (oLDg^JLD, ^(LgLD £560)6U60)UJ£) ^l^ULjlu Umj(S<S (LpiyLLlli).” 

□□□ □□□□□□□□□ □□□□□□□ □□□□□□ □□□□□□□□□ 
□□□□□□□□□□□□□□□□□□□□□□ 

6irR<£lrT6OT ffim6OT6rr6iilL6u (Robot Benchmark) 6i6?irm J§)rR<9s J§)6Q)6 ootuj 

as6rraS(#il6u cbuld (Lp^60)ff>Lu uujlp<^<s60)6n:£F Qshlj£5ij16OT6mj @60)£5£F Qffiueugj 

[B 6 OTjj. ^liuSun: (Aibo) 60)6sr Glurr^Laerr ^l^iSla <£li_&(g)Lb (g)LpuuLD(T 6 OT 

(g,Lp6&6U [Ba^LD 6£>(n, guuij 6 UrTS 360 )£F>£) (S 60 OT(Sn: 60 rffl(S(S (E 6 U 60 OT(JlLb 

ei6(irugjff,n:6OT ffSLirreu. 





cjuurr 


6U1T^>60)^>(95 c956^JT(951T60rfrl^)^)6l3 


[gl[j6un:(S(S GlLDfTL^l 60)uff)rr6OT. [glLprbuLSE se^sCI ©urr^^^uuLiy^a^Lb CTrBrfJIgm 
LDrr^liJlLurreOTgj tBrnu 2 (^ 6 uld Gi<9Err60<jri_ (S<g=(T6?frl gXourr Fr^ij&reru -7 (Sony Aibo 
ERS-7) ^@ii. @ff»6OT:n:6u &,6Q r S360)6U60)IUS) rf^uijl CT^^ewOTulgijLb umjaaE 

(LpiylULD. LDp^Jli rBfTLD <9560OTSE.IT60rfflSE.eE. (o6U60OTlyLU @6U<9E(£F)LJ ©Un^OT 
6U60OT605T [JLJLlij 6U[Tff)gJ <S4,(g)LD. 

CT^^l[J6rfrl6U 6U6UgJ <9rL_ly60)lU QfffrfJlSE.® <9EttL_#l ^IpSESE (LplyLLILD. 

ct^^I[J6ot urrijaE^LD rf^OTuleu [glLppuLa SE^eijlsBig,^, ©£F>fjlii_iLb <9EttL_<fl @rB£5 

<9=rr6T[Tff)rf)l6U QffjiJiLLlLb. 

@r5£F>£> ^Ijd6ot <3-(6rr6L)li_6u 2 c£1l51i_iots56tt LDfbfljjLD 20 6Sl[5rny<9E6rr r§y<s@LD. guuij 

62JU^F)60?^F)^F) ©£5111_UfR T, | S5600TS5IT60rfrlS5(^F)l_D 6fjl<^5l^F)^F)6OT^F) 6OT6SS5Sil ©OTU6Urf^OT ^I <9E(<9E 

LD^lu©U60OT <^l6ffl<gE<gEUU(Sl<fipgJ. 61^,^,60^601 <T£56l]l<£l£5 S=LI_S5rnJS56ffl6U 

c£lLp6UUL_ 60)LDUJff)^l6U rBrTLD S560OTS5IT60rfflS5(g,Lb ©Un^OT U^l6I( ©OTLIlULJULLgjj 






































CT6(irugjff,n:6OT Qffiueu rfjln)6OT 0-|6rr6ii. 

□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□□? 

(Lp<s<£liu @6ua60)(S @[j60OT(Jl u6orfilsE.6mTcgE.Lj Ljl(jlff ) g 1 j<9E OaEtteWeunib. (Lps>6u 

U60rffl [glippULSE SE^djlLula) @6U<9E(g)LJ Ou [^6061153 gJ6U^3lLULD[r5Ea 5E60 OTI_jSIS) 6U. 
@[J60OTI_[T6I)gJ U60rffl [glLppULa SE^djl^LU c^|<gE6U61Jn:L_lyg^Lb SUljejmUygyLD rfjl^Uul 
@6u<gE(g)U GlurKn^OTu ui_s>^l6(jr 60 )ldiuS)^1(S6u(Suj ©(n^sE^LDrrjrjj urrij^gja 
QsEn:6Tr(6i5s ) 6u. 

[B6otj 51 Q^^eSluLisEerr 

1. Object Tracking Robot - By Nikus - INSTRUCTABLES 

2. RobotBenchmark - Visual Tracking 

@^0£F>rri_fjl6U 0|(1)lS>£F> <9EL_(Sl60)[j: CTfBrfjlgW .9EL©LJU(1^f)rfjl.9E6rr 

6J6OT ^(j©iljI(S6ottt? 6J6OT (jrreruGtulJl 60 )u? @6a)pr5£5 Oseudjla) 6^rr6(jraun:L_ 

(Shonkbot) 





Robotics 17 


6rrbrfil[j6tfrl6OT ^_p60)6rr ©srobeuas^iLi aL^uurrUjl eoLDUJLDrra Qffiueu i_(IJIlu 

[BLD(S@ 6 £(tf, [^6^SL_©LJU(SlS^£l ^|6U6UgJ <S60rffl«frl (d£F>60)6U. pd^LD CT^^l[J6OT 
&t6otjd(I6u |§lgjj eoaLULaaiDrra ©(t^uugj ^6u^lujii). (BLDgyii) (LpacfiiLiLDrra 
gjeoeoOTaa^eijlaerr, ^_p6u [gltjeu (jpeOTmn^fjlaerr, (Ss56rr6ijl u^la) LDetfrpijaerr 

@<n?p£5n:6u pmi ©ffiuiu (LpLug^jib (S 6 ii 6 a) 6 u<S( 6 n><S(g, LBlasuLb s^djlLurra 

^|ij( 5 liL]l(E 6 m:n: (Arduino) (Eurr 6 OTn) gjeoOTaLfJluufJl^^la^Lb ldp^jld rrmsrbQufjl 6 ou 
(Raspberry Pi) (Surresrp 6 ot<slui_(S(S<s <s 60 ^ 6 (ffl(S( 6 )rF|Lb ©^(o^eoeiiaeoerrQujeueurrLb 

yp'S'S ©(EFUJUJflb <5n_lylLI60)6U. 

□□□□□□□□□□□□□? 

gj60OTc95L©LJu(j^^<956rr 6£>(n, (Bp[jff>rfil6u 6£>(Srr (B6U60)6U60)lu£f Qa : iLJiLi(S<gT^iyuj60)6u. 
<^<95(0611 ^[ijaerr (giSlaSarrerr 6 £>(n, &T 6 ffliD (S6ii60)6U60)iu£) ^I^ldus 1 ©ffiuiu 

(E 6 U 60 OT(JlQLD 6 OTn)n: 6 U gJ 60 OT< 95 L©LJU©^^(ollJ SurrgJLD. 

ff^eo^Lula) U6U [FJ60OT (SLfJluufJlffj^laerr @(j5cg5(g)ii)(Eun:gj pmi) 6j6sr 
<^|ij(5liL]l(E6m:n:60)6iiLj uftpg^60)ga^(Dprni? (Lp^eurrsD^rra @^l6u 6T6srGl6OT6<jT6OT 
L6l6OT6OT600)|6i]luJ6U U[I55[ij(S60)6rrLJ UUJ6OTU(5\^,^llLl6TT6rrn:rr<g56TT CT6(jrp eOl6U(J(S@jSlLJLl(S60)6rr 
(Lp(Lg6ugjLDn:(S Gl6iJ6fflLLjlL(5\6TT6rrn:rj<g56TT. @ff,pan:6OT ©meOTQun^LSiepLD 

^Lp6ULD[ra(S <®60)l_(S(^l6OTp6OT. LDpp PJ60OT (95L_©LJU©^^<S(^<S(£F) #l6Ug^J 

Qld(tl^1llj16u (assembly language) iglrreu 6T(U)a) (E 6 U 60 OT(JlLb. iSlaeiiLD 
aiy6OTLD[r6OTgJ. ©|g©lul(B6Srn:6iil6U pi_D(S(g) l_5l<35614LD UiJlffffLULDfreOT C, C++ LDppjLD 
gXISLin: (Eu[I6OTp QLD[rL^la6ffl6U cglcjeu CT(J^6Unib. (ol_D6y|li) @60)£5<S (S60rffl«frlLL|l_6OT 
@60)6051^^^ Sff)60)6uujn:6OT LD[rpp[ija6rr QffiueugjLD CT6frigj. 

□ □□ □□□□□□□□ □□? 

m/ruMpi, rrrrefbGluijl 60 )u ©ungju uiu6OTun:U^a<sn:6OT: <g >([5 #IjSIlu <s6otfrl6tfrl ©^ld. 
@gjj ^ul6OTa6fb ©Lutij^^err^gjLeOT SLKn^pgjj, ^,®(E6ii 6£>$rr (Eprrff,^l6u U6U 
[glrr6U(S60)6rr ©Lua^LD ^lp6OT ^60ot(J1 . [§£j<956rr #l(S<s6un:6OT $6U60)6u<s60)6rr£F 

©SHLIIU (o6U60OT(Jl©LD6OTpn:6U 6£>$[J (Ep[Jff,^l6U U6U [£l[J6U<g56OT6Tr 6£>L_I_ (o6U60OTp.Lul([5(g5@Lb. 

@gjj(Sun:6OTJT) (BeiKSoeuaeoerrs 1 ©ffiuiu [jrr6roGluijl 60 )u (Surr6srp <s6orffl«frl(Suj 

Sff)60)6UUU(5lLb. 


□ □□□□□□ □□□□□□□ □□□□□□□□□□ (Shonkbot) 

gxff. (giffirRgs&Liaeu @([F> ffa<s[T[5J&6P)6irLJ 6iJ60OTiau_in:(£Lj uujeOTUthlg.giLD 

LSlag <£t<95<956OTLDn6OT CTrR<£l[T6OT jS 61l6^[j(oU6OTIT60)61ILJ GlUfT(J5^)^l [gl[J6U ^_p6ULD 
ff,60)[jiul6u an:(£l£F)ff)rfil6u CT(y)S)6un;ii>. 



Off6U6iil60 ffl^rrajraurrL 6 t^^1ij6ot 


(fl}60)n)r5<9} 


5-lrr©LiJlS6OTrr prr(o6OTn:60)6iiLj ulu6otu©^£1<s «SL_i_uuu_gij. j§l<^ uiy[§60)6u 

L5l6OTGiun:jSl(S6Tr (stepper motors) ^6upjSl6sr @iua<£la^i_6ijr, 3 AA L6l6OT(S6ur£j(S6rr 

^(fiujeoeD^rreijr (Lp<s<fiiu urratijaerr. 6^ ^s<EF<fl6uuL( CT6u.@.iy, 6pd Tt iygrr6ijr#l6roi_rj 
Lop/pii) 6^(5 <^6Gluul60XLi£F (Sspa^rreu, @g}j Glurr^Laeoen: aeGOT^ulpaaepii <^| 6 U 6 ugj 
mpp 6 ^rr 6 OT<£urrL_(S( 6 i 5 i_ 6 (jr ©0iiiJjpQ.95iT6rr6iT6ijii) (^p.ii_|LDrrjp (oLDLDun:© Qsujiueumi. 

□□□□□□□□□□□□□□□□□□ 

1. Shonkbot - Bristol Hackspace - Matthew Venn 

@^Q^m_(jl 6 u c£L_(St 60 )g: OeuSarr y, 6 rbL_ (Lego Boost) 

[§[j6u CT(Lgff)(S appjaQanerreiigj @6OT6wpiu £560)6U(Lp6op£F c^pjeiiijs^sig) ^|6 u#Iluld 
- ©6u(B<95n: y,6raL_60)i_ @iua@Lb dglpp^, ^_p6u [glrrebaerr 









Robotics 18 


Boost) 


(Lego 


QatSarr 60)m6^L6fbi_mjm6ru (Mindstorms) CT 6 <jrugj U 6 U l^ili ^[LOfftAjaar sarar 

LDU^lffl. ^^UUlgULD @£ 36 ^ UfT^l Q<g=6U6ijl6U, Utt£§l Gl|_D6OT<3E>GlcgE.(5l^,6Gl6U 
(Lp<S(Sn: 6 U 6 iin:#l(S(g) (Sld 6 u arbnjja Qarrarara <g^iyiugj ^aiijaefrleAr 6 uuj^l 6 u 
@60)6mu6u*fj(S(6i5(S(Sn:6m: LDrrrfilfjl QatSarr y,6ruL_ff)n:6Ar. ©rfila) uiulrb<fl Qaiuiu 
S[ij(S 6 frll_Lb gJUttL ^| 6 U 6 UgJ ^,60OTL_[J[TLLJ(5l 60)(S(S(S60rffl«frl ©(ft,®® (Saja^fJlLD. 

^lp6OT(Eu#l(S60)6mLiLb uuj 6 OTu( 5 lff,ff, 6 un:Lb aairnjj Qan:a<fipnjjc 95 ar. ^ 6 arra> ^[ajrbjSlair 

#lj§llLI ^l60)[J(S6ffl6U 6D60)gUI_[Aja6ffl6Ar 6Sl6U[J[ij(S60)6n:LJ UfrijLJUgJ (Sly 6 OTLDn:(S 

©(^aaajmi. 



© 6 uSarr y, 6 ruL_ © 6 iiij«frl (Vernie) aLpeoOfBrtjlu ul_6toi_ (track) CTrB^lrrguLD, <^6ros3 IgJiLiaxgii snas, affixfilaffliLileo 

<g>@LD OffUJ6CllJ_lli 


□ □□□□ □□□□□□ □□□□□□□□□□□□□□□ □□□□□□ □□□□□□□□□ 


















□□□□□□□□□□□□□□□□□□□□□ 


©LDLDrrrfilfjl Glun:Lb60)LD(S60)6n: 60)6Uff>gjju ufiLLDna @6U6um_D6u 6ijl60)6rrujn:L_i_n:(g5(E6ii 
appu® Qan:6rr6iigj erefflgj. 

Q6iiij«frl (ui_ff)^l^j6Tr6rrgj), o°oul[jn: 60 T<£l 6T6orp y, 60 ) 6 or, M.I.R. 4, 4000 

Lop/pii) ^L_(£i_rr ul6ui_ij ^4,<^1 lu gpgj GWj6ii(S6iinjj 6rp^l[j6OTa6rr aLfJlib gyecortplaerr 
y,6TUL_ Glff>n:(g)LJijl6u 2>6TT6iT6or. LDppjLD @6iip60)p<s <95L©6ii^parr6or Glffiua) 

(Lp60)p<S(6n>LD ClarrfJIaaLJULfJlerrerrem:. @£>g}ji_6or 6£>(n, Qun^fpCourraarreoT Q^Lu^liLiLb 
6U([F,6iiff,n:6u @6rrLD #lpj6ii*[j(g56rr <g^i_ CTefri^rraa sppjs Qs5n:6rr6rr (LpiyiL[Lb. 

Qffiueurraa^LD [glijeurraa^LpLD stijaerr 60)a<s<s6otfrl6tfrliijl6u pec^Glupu^eorpeor. 

(ELDg^jLb @60)5=, (SgrrSurr (Su<gi6Dgj (EufT6OTp 6^»6d 6ijl60)6rr6i((g56rr &rp^l[j6(jr euL^liurra 
<^|6U6UrrLD6U S[ij(S6rr 60)<S<S<S60tfrl6tfrllLjl60r 6^>6GlGlU([5(S(fi eilL^llUfra Gl6D6fflSuj 611(^,11). 

@r 5 £F>ff> Qff,[T(g)Ljijl 6 b GlLDfr^^LD 847 urratijaerr ^ 6 rr 6 rr 6 or. @ 6 iipj§l 6 u (LpacfiiumrresTgj 
P<S[J61| 60)LDU_ILD (Move Hub). @<©6u @[j 60 or(pl 6iJl6OT<g=<g56fr Clun:([ 5 ff,ff,LJUL_( 5 l 6 rr 6 n: 6 m:. 
(oLDg^jii) QsHueunaanLaerr Lun:6iiLb @£560jj6rr(S6rr(Suj p60)i_Qupj<£l6orp6or. stAjaerr 
60)(S(S(S60rfrl«frlLljl6U 6T(U)£gllU [gl[J6U(S60)6rr LJQ6TF)(g’^> 6UL^lLUITSE. @6&P(g) ^|gUUI_|LD. @60)6U 
£F> 6 Sl[J @>([5 6 £> 6 ffl LDppULD ^[c££F(fl 6 ULJL| 2.600TiJilLlLb, 6 £>(n, £F> 6 tfrl efileOfflLlLD 6 U(J 5 (^l 6 OTp 6 m:. 
@60)611 @[J600r(JlLb pa*[J6Il 60)LDUJff)gJI_60r S5LDLJI ^_p6ULD @60)600r < SaLJU(S\<£l60rp60r. 

□□□□□ □□□□□□□□ □□□□□□□□ □□□□□□ □□□ □□□□□□□□ 

<^|6u?j<956rr uujlp<fl<s 60 ) 6 rr (Lp£F>^il6u Q^HULueurrii). ^,6orrr6u ^|6upjSl6u £§lpr 5 £F> 

(H_p6i) Gli_D6orGlun:([5L_(S60)6n:Lj uuj6oru(5lff)^l (oLDg^jLD Gls=LLJ6u^j^)(T6zyr (LpacfiiLi ffeurra). 

GteuSarr y^eruLfplaig) @[j60or(pl (oug pp£5 (H_p6ULDrr<s 60)i_i£F>n:6or cgltjeu 6T(i^^ig6rr6rr6onj. 
[ftijaerr @6iip60)p (Lpu_ip<fl QffLugj umja<956unib. 

1 . 60)uQ6u(Ba5n:Lp6) : bL_ pvlgbst 

2. 60 )uu 7 6 ruL pvbOOst 

□□□□□□□□□□□□□□□□□□ 

1. Lego Boost review - cnet.com 

@^Q^rri_fjl6u <^(5Lf>£F> aL_(Sl 60 )g: eroumja.® (Sparki) <^[ij(SliL]Ko 60 Trr (Arduino) 

6ip^l[J60T 6fil(pl£F>6U (drag-and-drop) (Lp60)pLLjl6U [§[J6U 6T(Lg>^J^)6U 






Robotics 19. 


(Sparki) 

(Arduino) 


^gaurrLiyaerb (ArcBotics) 6 roumja<£l 6 ^ ^u^mjeoOT Glu[rLD60)LDUJ6U6u. 

6Trb£§l[J6tfrluJ6U UpiSllLlLD ^l£UU60)L<S6IT[r6OT ^|j§l6SllU6U LDpgULD 

Qff)[TL^l6ugjL_u[ija60)6rriL|ii) LDrrsxjreiiijaerr iSlaeiiLD ^4,ij6Dff)gji_6OT anjgjaQarrerrerr 
2^6i(ii 6^(5 seudjlaarresr ^|iyuu60)i_ff, ^6rrmn:@Lb. 



^’[jautTLi^aai) araurrijadil 


6ruurrij(S(S rB(J\[£l60)6ULj U6rr6ffl LDp^jii siuij[§l60)6ULj U6tx6ffl mtt60OT6uij(9560)6n: 

QarreoOTLgj. 6rbun:ijadbla@ 4 AA L5l6OT(S6U[ij(S6Tr (£ 5360)611 . [§[£j(S6rr 6iiLp<£(95LDn:60T amj 
(alkaline) L 5 l 6 OT< 35 . 6 urAj< 356 TT ^| 6 U 6 ugj Lf) 6 oor(Slii i£l6or(£60Trbp6ii6U6u (rechargeable) 





L5l60r5S6U[£j5S60)6rTU UlU6OTU([jl^06UULb. 

(g)60)p[55) 6Lil60)6U CT^^l[J 6 OT(S 6 ffl 6 U 61l(gU) LD6l)l61in:60r L5l6OT6iJl6^cg=aE.6rr (oLKT 6 l) 6 U 6 l)(TLD 6 U 

jg)djl 6 U gJ6U6l3llLILDn:(S(S 5SL©LJU(ijl^55S5rLp.lU Up.[gl60)6U L5l6OT6fil6^<g=cgE.6TT (stepper 
motors) ^ 6 rr 6 rr 6 or. ^(tr, uffeo^-^euii-^eiiuLi (urf#l) 6 T 6 ujg)p. (RGB LED) Lop/pii) 

©S 3 [T 6 tfrl ^ 6 GlGlLU(LgLJUl S600r(Jl. 61155) #lpLJ 6 II*fJ(S 6 frl 6 OT CTp^l[J 6 OT(S 6 fflg^Lb @ 6 U 6 U[Tff) 

CT6u#lp. (LCD) 5srrL_£l5)djl60)[j <g^i_ s60or(pl. jg)p5) ^libfftijaerr puDLorreu 

Q < g = LU6uu(5lff ) ff)(S<gT^p.Lu djlL_!_[£j5S60)6rr<s 5S6orfrl5 = LDn:5s ffL_p.<s<£l6orp6or. 

^jijGjtujltau §j60ijr<sL(5lLJu(5t^^l60)iu (Arduino microcontroller) 
^|p.uu60)i_LU[ra(S ©5srr60on_5p 6 T 6 or$ 6 ii [f[£j5S6rr 6 iil([ 5 LbLjluj 6 ii[rpu jg)p5) erp^lrr60)6or 
(oLDg^JUD 6 filiJl 6 Iin:(S(S (LpiyLLlLD. 

jg)5)6or gpijii ^6oor(jl5s 5S6oor5S6rr 6 £>(n, ^(n,Lbi_i 5 S 5 T 2 _p.iu ui_5)djl6u 
Qurr^^^uuL^errOTem:. 6 T 6 or$ 6 ii jg)5)6orn:6u ‘5)60)6U60)iu5)’ ^(puulu umjas (Lpp.u_|Lb. 

6pd fl ^ 6 oor(jl 5 S 6 rr, (Lp(pl 5 S 5 s LDrr 6 ?ffl (accelerometer), anp^iDfrerffl 
(magnetometer), <A 15 S£f# 16 uljli ^ 6 oor(jl (Sun: 6 orp u 6 u ^ 6 oorijl 5 S 6 rr ^ 6 rr 6 rr 6 or. mp/pii) 6 £>(n, 
<A15 S£f£161iljl| Off>n:60)6U6ijlLU(S(fiLL|Lb s60or(pl. 

G^U60)6U6fjliu<S(fiiLirr6u jg)iu5S(5,Lb [§l[j60)6u 6 raun:*[j(S(£lLijl 6 u [glpugClSiu ^6^up<®prnj5S6rr. 
[ftijaerrrra c£lrj 6 u 6 T(Lg^l <95rDgu<a.Gt<35rr6TT(6rF,Lb6iJ6^[j @60)5) 60)6U5)£p5) 

Q^rri_[£j(S 6 urTLb. 6ruurrrjsE.<^l60Lu 6 £>L_i_ 6 i[Lb Loppuii) ^53601 #l 6 u ^Lbsaijaooerr (Lpu_ip<fl 
QffLugj un:*[j(S(S 6 itLb @p5)5) O^[r60)6U65lu_i5s<£l60)iuLj uiu 6 ikj( 5 l^^uuL 6 uuii). 

@p5) erp^lrr 60 ) 6 or 60)6115)5!j [f[£j5S6rr (£yD5S5S60orL60)6ii $ufT 60 Tp U6U djlp60T5S60)6rr5s 
appu® Qan: 6 rr 6 rr 6 U[rLb: 

• 6£>rr5)60)5)5) &,6i (Edge avoidance) 

• $(£n:L_ 60 )i_d) (Line following) 

• pdjlij un:60)5)5S(5,5) ^rj6i( 5srrgp5)6u (Maze solving) 

• 5x61160)11^ £F>6fjlrj5)£F)6u (Wall avoidance) 

• ^l60)pa(g)6rr 6ii6uii)6ii[j6u (Room navigation) 

• Qua([ 560 ) 6 rr ii)LQL(5l5)5)6u (Object retrieval) 

• 6£>6frl60)iu5) G^UL[j^^/^6ijlij^5)6u (Follow/hide from light sources) 

• ^([1,6115)60)53 6 U 60 )(jff) 6 b (Shape drawing) 

• 556odfl6dfl 2.6iT6frl(5l^)6b (Computer input) 

• LDpp 6rauaij5S(®5S(615L6OT 6fjl60)6mua(5lff ) 6U 




6ruurrij(S(fi(5liLjl(o6OT:rr (SparkiDuino) ct6otu§j 6ruumja<£l tgltj&u 61(14)53 

sff>6i[Lb 6^(5 £gln)r5£F> ^Lp6u t£l[j6urr<s<s (g,j_p6u (IDE). 

@(Lg£>giJ 6iil(5tsj6u (drag-and-drop) (Lp60)piul6u c£l[j6u 6T(LjDg}j656u 

L5l6rfflu6rrrrsE. (Minibloq) 6T6 otu^j ^ij^iOSesmeiia^ 6 ^^ 6U60)[ja60)6u c£l[j6u 
@iun)jSliLin:(g)Lb. @^l6u 6ru<95[jrrL_£F (Scratch) [glrreurraaLD (Eurresrp 6T6ffl^)n:6OT: @(U)S)gij 
6i]l(5lff)6u (drag-and-dtop) (Lp 60 )pLul 6 u cglrjeu 6T(LjD^6unib. @ff»66r (Lp<s<£luj (BrErraaii) 

u6TT6ffl LDrr600T6urr<g56TTSE.(6r5,SE.(g, [glrreurraaLD (SpijlLJu^l6u ^6ii6Dff,n:(g)Lb. (flJDuurra 

LDpjJLD SLU*[J[£l60)6ULJ U6TT6fll<g56fTleU 6T^^l[J6rfllLU6U apgU® 

Q55n:(5l®<SLJ ULU66TU(5lff)^UU(5l<^lpgJ. 



□□□□□□□□□□□□□□□□□□ 

1. Adafruit Industries - Sparki 

















2. Example Minibloq program showing serial communications and a 

counter by Gijs.noorlander - Wikimedia Commons 

@ff>Q£F>rri_(jl6u ^©£>£5 sl_(5160)[j: LDpgULD #l6u errbrfilgm Q^rrigiULiaerr 60)£F>L6l(Biurr 
2 (Thymio II), ©6u(S<srr 6 wm 60 OTL_ 6 roi_rrrni 6 ro (Lego Mindstorms), ulgrrsEx^KBiLirr 
(Braccio) 6rr&££>lrr6OT 6wa, Q©n)s<fl (Hexy) [els^ix) ct^^1[J6ot, i_ijiy6uun:L_ 

(Turtlebot) 




Robotics 20 


□ □□□□□□□ □□□□□□□□□□□□ □□□□□□□□ □□□□ □□□□□□□□□ 
□□□□□□□□□□□□□□□ 

1. [£[£j<956rr ujrr^aarra CTrBrfJIgm Qs3rr(g,LJ60)u ajrnAjau $umfi/ff[j<s®6rrrT ^[rb£F> 6uu_igjj 

6U[JLDI_l(S(g)ff, (off)n:ff,n:6OT [f>l[J6U CT(LggJLD 61I60)& ^|^l6U S60OTI_[T CT6OTJJ (Lp«S<£llLILDrr<95 

2. (SpjjaQarrerrerr LDL(5\Lb^rT6OT 6T6srn)n:6u rf>[£j<s6rr urr6D60)6OTiun:(S(fl(S6fflS6uSuj 

(SpjjaQarrerrerr (LpiyiULD. u6rr6frliLjl(o6un:, a6ug^rfflifllS6uii ^|6U6ugj 

26n(jl(o6un: @>(5 6 t^^1cj6ot: (SurrL_iyiul6u utij@ Glu^j6iigj (Surresrn) Glufjluj 
@j51a(o(£n:60)6n: 60)6Dff)gj ^£F>rb(g)ff> b>&) sirB^glgm Gt£F>n:(g)LJ60)u 6iin:[ij(g)6Dgj 
uiLigu6rr6rr G1<9 =lu6u. 

3. CT^^llJ6OT Q^n:@Uqa(6TF,l_6ijr 6U(J5LD UlyLJUlylU[r6OT: 6UL^l(Lp60)pa60)6rrLJ U16OTUP/S1 U6U 

^lL_L[ij(S(6irF)Lb LDfr^l^la^Lb QfflUlU (Lpi^lLjli. ©(^UUlg^LD ^[ff)P(g)(SLD6U ^|^l6U 
CTgJ6IlLD <g=6UIT6U @6U60)6U. H)[££5 (H_p6l) Qm^Qurr^LafSOTerr ULU6OTU(Jlff,^l (Smg^JLD 

^[rb£F> CT^^l[J60)6OT 6iilffl6UITS<£l Ll^llU U6U $6U60)6U(S60)6rr QffLUSDffip^ 6UL^l 
@(j5<s<fip£5n: CT6OTguii) urr^tAjaerr. 

□ □□□□□□ 2 (Thymio II) 

[Bmi (Lp^6Wff)Lu aL_(Sl60)g(g56frl6u U6U uujln)#l(S6ffl6u umjgjej er^^lg6OT ^,rr6<3r |§lgjj. 

@£F,6OT ^|lyUU60)l_ (o6U60)6Uff)^lp6OT(S6rr LDpgULD U6US6U^J t£l[J6Utt<S<S (g,Lp6U<956Tr LD6OT60)£F> 
FHja^li 6T^^l[J6(jr(S6frl6OT S6U<S£)60)£F)<S (S60 OTI_j51lU 6 6UUJgJ (Lpff)6Un:6m: 

#lgU6uija(6i5(S(g) 6 dl^ 1 QffLu^eOTpem:. rf[iia6Tr ©miiL£l<956a)6n:iLiii 

^a,Lp6u<s60)6iriJ4ii $^gr5d^(Sluu^6OT ^_p6ULD 60)ff>L51(DUjn:6i]l6OT [gigeurraaffieoff) 

CTefrl^uaa <spn}j<sGt<sn:6rr6rr (LpiyiL|Lb. 

□ □□□□ □□□□□□□□□□□□□□□□ (Lego Mindstorms) 



©6uSarr 6 rom 60 OTL_ 6 foi_rnjii) 6 fo 


Q(Sn:(Sl(£<£LJUL_i_ uiyuuiyiun:6OT: 6 DL^l(Lp 60 )pa 6 W 6 rrLj ul6m:uiT)jSl lytjrraarj, (jrruLrrrj, 
erueouarj, 6T6uij6rui_nijuD, <£lfjluuij 6T6 otjd gpejj ^j(560)LDUjn:6m: 6[^,^q6g\s,6G)6u 
^eurraaeufrLD. @6iil3©i_6ij (ev3dev) 6T6srn) fglnpaj (y)6u Qm^Qurrin^erru 
uiu6OTu(Slff)^l (oLDg^jii) U6U #!lL_i_[£j(9560)6n:£F Qffiugj urnjss6un:ii>. 6£>u6sr [jmjijLLrr 
(OpenRoberta), @6ljl360)u<srr6<jT (EV3Python), 6nj<figrrLff (Scratch) 
QLDrrL^laeffl^lgyLD cglcjeu CT^^eumi). 

□ □□□□□□□□□ □□□□□□□□□□□ (Braccio) □□□□□□□□ □□ 


ulgrradilSiurT ct^^1ij6ot 6tos> 


<^{’[J©UjlS6?5TrT 


@r5£F> CTfBrfilgm 60)<SLUtt6U U6U LDU^lfflu ©U[T([5L_(S60)6rr 60)(SULjlly.LUl6U ullyffigja 
Qarrerrerr (LpiyiLiLD. CT^^g^asriLLrrs 6^(5 [glLppuLa a^sljleoiu @£f>6ot 60 )<siul 6 b 
uliyas 60)6Dff>gj, [gl[j6u &T(Lg^l, [gr£j(S6rr 6rr£j(g) Qffeb^jffrjaSerrrT <^[r£jGt(S6U6urni) 
ufrrj60)6DLurr6b ul6OT Gt£F>m_[j 60)6ii<S(S6un:Lb. ^|g(5\LLjl(S6OT:n: 6T6 ot:jd §j60ot 
(SL_(5luu(5lff)^l60)iLiLj uuj^uC^^gjeD^parraSeii ^eurraauuLLgj. 

□ □□□□□ (Hexy) □□□□□□□□ □□□□□□□□ 






<S^,ijauiTL_fya 6 iT) ©ama^l 6 irB^lrr 6 OT 


(fl6un5£§l (Surresrp <54, .gu arreuaefrleu f5i_<95(g)Lb CTn^gm. ^|6orffl6ii(g)LJL| (Eurreu 

[BLa^LD LDfbnjJLD fBI_6OTLD ^(JlLD. [BflLD (Lp6OT6OTCJ Ufrij^ff, 6rUU(TrjSE.<^l CT^^lljeoeOTff) 

^Lurrfjla^LD ^ijauriLiyaefb [§1^j6ii6ot(Eld @60)£F>ii_iLb c£l[j6u<g56iT 

LurrsLiii) pr5£5 ^LpeuLDrraa <®60)i_(S(fi6OTp6m:. @£F>rb(g) [§£j<956rr 60)U£F>rT6<jr Qld[tl^1ll]16u 
[§l[j 6 u CT(j^ 6 unxb. 

□□□□□□□□□□□□□□□□□□ 

1. Lego Mindstorms 

2. Arduino Braccio 

3. Arcbotics Hexv 

@^Qff>nuJl6u ^(j)Lf >£5 <35L_(Jl60)[j: □□□□□□□□□□□ 3- □□□□□□ (Turtlebot 
3 - Burger) 

[jrr6ru (ROS - Robot Operating System) 







Robotics 21. □□□□□□□□□□□ 3 - 
□ □□□□□ (Turtlebot 3 - Burger) 


6U60)tj cBuii) umj5>£F> ^4a600TL 6U60 )c5>ilj16u L5ls6ip 

uiugu 6 rr 6 rr 60 ) 6 D: 

• ^/TJJ 611UJgJ (Lp£F)6U U6 U(d 6II^J 6UUJgJ 61l[JLDL|c5,(g) 2LULL #lgU6uij556TT 
apjjaQarrOTerr 6T6ffl£F,rrs5 cglcjeu CT(LggjLD 6U60)(S(5.6rr U6U s60or(Jl. 

• 60)<S(Lp6wpiLin:(S GlffiueuuC^l^^lLj urrijaa U6U 6DL^l(Lp6wp(S6rr ^^uus^rreo 
&r^^l[j«frluj6u ^|iyuu60)i_a60)6n: ^LpLorrau q^l^gjQarrerren: 6urrLuui4(5.6rr 
4HfSl<95ii>. 

• #lgij6uija6rr 6iil60)6rrujn:L_i_n:(S Q£F>rriJ)l6u gjLu^eo^iULD, tglij6u 6T(yDgjj6ii60)£5ii4Lb 
LDL_(5lLD6U6U(TLD6U ^J§l6ljllLI60)6Ull4li), cS60^^S360)£5ll4Lb ^ij61lff)gjl_60r 
(SnDgLjaQarrorron: 6ui^l6D(g)(5(®6orp6or. 

CBuii) @gj6U60)g urrijff.ff) ua6ii60)60Tiun:c5.c£liijl6u Qc5iLJiLic5.c9T2_iyiLi uLulp#l(560)6rr 6T6U6urrLb 
Q6DpjSl(5[JLDn:<5i QfflUgjJ (LpiyffigJ 6hlL_lMJc5,6rr 6T60T^J 60)6Dff>gJ(5 Q<5.[r6rr(o6Un:Lb. S[£j<5.6Tr 
6T^^l[J«frluJ6U (S6U6ijl LDpjJLD UlLjlp#llJjl6U 6T60T60T? <56U[T6U 6T60T60T? 

6T^^l[J«frluJ6l)l6U [B60)l_(Lp60)p(5(g) UlLI6OTJI_<5.c9T2_lyllJ 6J5,[T6UgJ 6£>(J5 ^Il_I_5,60)5, Q<5UJ6U 

u(Jl5)£F)6un:Lb. aeu^jT^lu uiulp^laig) 2£56ii6urni> ^|6U6ugj 6D6orfflc5 ff£glu_i[T<s6iiii) 
@(45<5.(56un:Lb. j§l£>ib@ [B60)i_(Lp60)pijjl6u uuj6OTu(iJl^5«s<9r2-i£iLi 

6T^^l[j«frluj6u GlLD6orGlun:(456rr Gl£F>rr(g)LJL| <g>6orjr)j (o5>60)6ii. ^[g^rreor (j(T6ru! 

□ □□□ (ROS - Robot Operating System) 

[jrr6ru 6T6orugj Glurro^gjSurra^aarra mL_©LD6U6urri_D6u 6D6otfflcS ij^liuns.614m urr6ii6un:c5. 

UlU6OTU(5lff)ff)LJU(5lLb £§lpr5£F) (y)6U GtLD60rQlJn\[56rr Q£F>[T(g)LJL|. @^l6U <9?y3a<93600TL 
QLD6orGlun:(45L_<5.6rr ^i_nLcfiiL(6rr6n:6or: 

• (5^60)ff)Lljl6U Ug6U6U[r<5.(5. c®60)l_<5.(5.(5.c9T2_lylU 6T^^l[J«frluJ6U 61l6Or©Urr(45U9B60)6rr 

6£>L_iy GlLD6orQurT45L<56rr (hardware drivers). 

• 6T^^ltj«frlujd)l60 uuj6oru(SlLb 6hl60)60TcEF(5[j[£j(5.60)6rr (algorithms) Q(5iu<Mu©g>d)liu 
Qi_D6orQua(456rr Gl^a^uqaerr. ^lgj6i(Lb iSlaeiiLD (oldldu^^^Iili saiLiarreu 
6iil60)6or(55g[ij(5.6rr. 

• iglrr6ua6n:*[j(5i(6i5<5.(g) ^16 u#Iluld (og>60)6iiiun:6or <5(5^1 6urriLir5g) c£l[j6u <5.(n,6ijlc5>6rr 


(developer tools). 

[jrr6ru Qm6(jrQutt(n360)6rr 125 a@ii> (Si_D6un:6sr CTpdjlgmaeftleu 

uiu6OTu(5lff)^l6U([5(fipn:ija6rr. @6iipj§l6i) U6U 6U6odrlsE> [f^iuu6OT60)6ij. (Eld^jld @6uija6ffl6u 
u6Ufj ff»[ij(g56rr (£6U60)6U(S(Sn:<s 2(j56uira^luj ©meAGlurrinjerr O0u@upa6a)6mL|ii) 
(software packages) d)lpp£5 ^euLorrau u<®ijr5gjj6rr6rciTijs6rr. CT©^£p<S(SUL©< 9 S 6 rr: 

• @ 60 )LU 4 ,pj ff, 6 filijuL 4 (Obstacle Avoidance) 

• 6 i) 60 )gui_LD ^Lurrfjl^gjj ^6A6^LnL@jStff>£56u (Simultaneous Localization And 
Mapping - SLAM) 

• <9i6U60)[j <g>L_iy(Biu Offg^gjjs^b (Wall Following) 

• ffjU^frlujtijcfiiLiaa 6 ii 60 OTp. 60 )iu Offg^g^a) (Automated Driving) 

(oLDg^JLD <A[6Ilij<S(615(S(g) 6T6OTG16OT6OT6OT Ljl[J<g=c®.6?y?6m:SE.6TT 61ip£F)6OT, CTUUgig) 0161 ] 

a60on_[rir<s6rr 6T6Au60)g>iL|Lb Loayrptijaefrlai ud3lrrpgjO<sa6rrAlpaij<a6Tr. 

, <^6CT[iffo [juab appja OarraxjrLrra) gjrrajr 6U6otfrl<s ifdjiliLirra 6T60)g>u_[ii) 
Oc9HLI6UU(5lg>£F> (LpiyLLILD (SuU6U OgjiJlcfipgjj. ^t,6OTU6U CT60)ff)LUa6UgJ 

OffiueuufJlffj^leOTaeu^aeA grrab ap/pa Oarrarar (Lpp.u_iLb. @pff>u ulij.EFfffSwayrcSig) 
6T6OT6OT dfrj6i|? i_ijpa>un:L_ 3 uijaij! 


□□□□□□□□□□a 3 □□□□□□ 



■ wVgglU a =T»T i ^ 






Lfri^eouiTL 3 - uirafr 

6fil60)6U (S60(frl6rfflLLjl6U ^lp60)6OTlL[Lb eilff^l^LUlLlLb L51S3614LD (£F)60)JT)(S<95n:LD6U [J(T6rU 
Ql_D6OT©Urr(ff,60)6n: (Lp(IJ)60)LDUJn:<S [glnjjdjl (o6U60)6U ©fflUgjj UU*r<5ft |§lgjj 6£>(ff, [B6U6U 
CT^^llJ6OT Gl^[T(g,^l. (oLDgJJLD tBa^LD CT^^l[J«ffl6U U6U 6fil£F)LDn:6OT: S60OT(jl(S60)6rr 
Glffiugj umjaaeiiLD l51se»614ld . 

[£[£j<956rr Glurr^gjSurra^aarraSeun: ^|6U6ugj (S6uiya60)<95 eSleoerriurrLfJlaarraSeun: 

<xd(K) CT^^llJ6(jr 6Urn£jS5 6ijl(J5Lbljl6m:n:6U @gJ6U6U6U. (oLDLOULL CT^^l[J6rflilLI6U 

(advanced robotics) ldpjjld a6orfii6rfrl ^|j§l6ijlLU6u (computer 

science concepts) ap/riJsQarrerrerr 6 fil(j 5 mul 6 OTtt 6 u [§[£j(S6rr 6urn£ja 

CT^^l(J6OT @£^6Utt@LD. 

@^)gji_6OT ©saLfJtorrg) Q^m_ij (Lpp^jLD. [B6 otj51! 

ashokramach@gmail.com 



